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The  purpose  of  this  thesis  was  twofold.  The  first 
objective  was  to  complete  the  development  of  the  Air  Force 
Institute  of  Technology  (AFIT)  Far-Field  Radar  Range  v/ith  an 
automated  and  fully  calibrated  measurement  process.  The 
second  objective  was  to  use  the  range  to  investigate  the 
scattering  of  metallic  versus  transparent  canopies  on  the 
total  Radar  Cross  Section  (RCS)  of  fighter  aircraft. 

The  first  task  was  successfully  completed,  as  the  user 
can  obtain  calibrated  and  accurate  RCS  measurements  from  his 
or  her  seat  in  front  of  the  Hewlett  Packard  computer  and  a 
copy  of  the  AFIT  RCS  Measurement  Software  (ARMS)  code,  ’.vhich 
is  conveniently  consolidated  on  one  floppy  disk. 
Investigative  measurements  were  then  taken  of  canopy  models 
at  the  AFIT  range  and  a  similar,  but  more  established 
facility  at  the  Wright  Research  and  Development  Center.  The 
results  of  the  measurements  simply  quantify  the  relative 
level  of  the  scattering  from  the  cockpit/canopy  area  with 
respect  to  the  total  aircraft, 
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Abstract 

The  purpose  of  this  study  Vs'as  t;vofold.  The  first  objective 
was  to  complete  the  development  of  AFIT's  Far-Field  Radar 
Range  with  a  fully  automated  measurement  process.  The  second 
objective  was  to  use  the  facility  to  investigate  the 
scattering  of  metallic  versus  transparent  aircraft  canopies 
relative  to  the  scattering  of  the  total  aircraft.  The 
approach  for  the  investigation  'was:  first,  to  measure  scale 
model  aircraft  to  determine  the  effect  of  the  RCS  of  the 
canopy/cockpit  area  on  the  RCS  of  the  total  aircraft,  ind 
second,  to  design  and  measure  a  test  body  which  would  isolate 
the  canopy/cockpit  area  from  the  rest  of  the  aircraft. 

The  result  of  the  work  on  the  first  task  is  a  software 
package  called  AFIT  RCS  Measurement  Software  (ARMS) .  The 
successful  perfonnance  of  the  far-field  range  -was  validated 
by  very  favorable  comparisons  w^ith  the  Wright  Research  and 
Development  Center's  anechoic  chamber.  The  scale  model 
measurements  suggest  at  most  a  5  dB  difference  oetween  the 
scattering  from  the  two  extreme  cases.  The  test  body, 
however,  clearly  demonstrated  differences  up  to  20  dB  at 
certain  frequencies. 

This  study  documents  the  upper  and  lower  bounds  of  the 
subject  measurements  in  an  indoor  measurement  range.  The  Air 
Force  has  expressed  interest  in  steering  the  investigation 
to  examine  materials  and/or  canopy  construction. 


IX 


AUTOMATION  OF  AN  RCS  MEASUREMENT  SYSTEM.  AND 


APPLICATION  TO  INVESTIGATE  THE  ELECTROMAGNETIC 
SCATTERING  FROM  SCALE  MODEL  AIRCRAFT  CANOPIES 

Introduct ion 

The  Radar  Cross  Section  (RCS)  of  a  target  has  received 
"ucn  attention  in  recent  years,  fueled  in  part  by  the  :''.d/ent 
:  stealth  technoicgy.  RCS  is  an  inportant  paranetcr  •..•nich 
describes  the  aoount  of  radar  energy  that  a  target  j ratters 
back  to  a  radar  receiver.  Knowledge  of  what  causes  the  RCS 
of  a  target  is  an  invaluable  tool  for  the  designer  of 
nilitary  vehicles.  Determining  the  RCS  of  even  simple 
objects  however,  is  a  complex  matter.  In  fact,  the  RCS  of 
certain  'simple'  geometries  cannot  be  calculated  by  current 
methods.  The  military  significance  of  the  RCS  teamed  with 
the  limitations  of  theory  in  calculating  it  places  a  great 
deal  of  importance  on  the  measurement  of  a  target's  radar 
cross  section.  A  good  measurement  system  will  not  only  find 
the  total  RCS  of  a  target,  but  will  also  identify  the  major 
contributors . 

To  make  an  RCS  measurement,  ideally,  the  target  .must  be 
illuminated  by  a  plane  wave.  A  plane  wave  can  be 
approximated  by  placing  the  target  at  a  large  distance  from 
the  source,  so  that  the  spherital  wavefronts  transmitted  by 
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the  source  are  approxinately  planar  oy  the  tine  trey  roach 
the  target.  ..  measurement  range  that  approximates  a  p]ane 
'.vave  in  this  manner  is  known  as  a  far-fieid,  or  spherical 
range.  A  rule-of-thumb  for  determining  the  m.inim.u.m  range 
separation,  R,  from  source  to  target  in  a  far-field  range  is 
given  by 

R  >  5D^/X 

where  D  is  the  crossrange  extent  of  the  target  and  '■  is  the 
operating  v;avelength  of  the  radar.  For  example,  11  a  target 
13  three  meters  v;ide  and  is  to  be  measured  at  10  GHz,  the 
required  range  separation  is  1.5  Km.  Clearly,  the 
measurement  of  large  targets  at  operationally  useful 
frequencies  leads  to  large  outdoor  facilities,  thus  indoor 
ranges  are  restricted  to  measuring  smaller  targets.  Outdoor 
facilities,  however,  suffer  the  disadvantages  of  external 
monitoring,  interference  from  external  sources,  and  bad 
weather.  One  study  contributed  as  much  as  a  35  percent 
increase  in  operating  hours  for  the  indoor  range  due  to  the 
weather  alone  (4:383).  Another  method  of  approximating  a 
plane  wave  is  to  use  a  range  reflector  to  simulate  the  large 
range  separation,  R,  in  a  relatively  short  distance.  By 
utilizing  this  approacn,  the  compact  range  is  capable  of 
increasing  the  size  of  targets  to  be  measured  in  an  indoor 
facility.  This  study  will  deal  with  an  indoor  far-field 
range . 
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Background 


The  radar  cross  section  of  a  target  is  an  indication  of 
the  amount  of  power  in  the  incident  field  that  is 
intercepted  by  the  target  and  scattered  back  to  the  source. 
It  is  a  fictitious  area  which  can  be  thought  of  as  the 
geom.etrical  area  required  to  produce  the  target's  return  if 
the  energy  intercepted  by  this  geometric  area  '.-.’ere  re¬ 
radiated  isotropically.  The  formal  definition  of  the  RCS , 
cj ,  is  given  by 

a  =  lim  4TrR^|El|^^ 

R-oo  |E'|^ 

where 

E'  =  the  electric  field  incident  on  the  target 
E®  =  the  electric  field  scattered  from  the  target 
R  =  the  distance  between  the  source  and  target 

The  definition  is  normalized  so  that  it  is  independent  of 
the  range  separation  between  the  source  and  the  target  and 
the  level  of  the  incident  field  (6;157). 

The  far-field,  or  plane  wave  requirement  is  accounted  for 
in  the  above  definition  by  the  limiting  process  as  R 
approaches  infinity.  In  an  actual  measurement  range, 
tolerance  standards  are  set  for  acceptable  amplitude  and 
phase  variations  of  the  wavefront.  The  far-field  range 
relies  on  a  large  range  separation  to  yield  a  plane  wave 
v;ith  acceptable  amplitude  and  phase  variations. 

The  definition  of  RCS  also  assumes  the  target  to  be  in 
free  space,  which  is  also  an  impossible  condition  to 
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perfectly  duplicate  in  an  actual  measurement  system.  -.adar 
returns  from  sources  other  than  the  target  are  unwanted 
signals  and  represent  sources  of  error.  With  the  indoor 
range,  the  unwanted  returns  are  caused  by  scattering  from 
the  walls,  the  target  support  structure,  the  floor,  and  even 
coupling  between  the  transmit  and  receive  antennas.  Add  to 
these  all  the  possible  multiple  interactions  bet'.veen  these 
scatterers  and  the  number  of  unwanted  returns  quickly 
becomes  very  large. 

These  unwanted  returns  can  be  partially  removed  in  an 
indoor  range  by  attenuation,  vector  subtraction,  or  hardv/are 
(range)  gating.  Applying  Radar  Absorbing  Material  (RAM)  to 
the  surfaces  which  are  unwanted  scatterers,  such  as  the 
walls  of  the  range,  attenuates  the  undesirable  energy  and 
improves  the  approximation  of  free  space.  The  other  tv/o 
rechniques  for  improving  the  free  space  condition,  vector 
subtraction  and  time  gating,  are  indirect  methods,  and  will 
be  discussed  later. 

AFIT  Far-Field  Range 

The  heart  of  AFIT's  RCS  measurement  facility  is  the 
Hewlett  Packard  Network  Analyzer  HP  8510B.  This  recently 
acquired  piece  of  equipment  measures  the  radar  return 
(relative  to  a  reference  signal)  and  is  used  to  control  the 
associated  hardware  necessary  for  the  RCS  measurement.  The 
range  can  accommodate  measurements  from  6  to  18  GHz,  and  is 
powered  by  an  HP  8340B  Synthesized  Sweeper.  The  chamber  is 


4 


lined  with  eighteen  inch  pyramidal  absorber,  and  uses  a 
conical  ogive  target  support. 

The  radar  cross  section  is  a  complex  function  of  many 
vaLiablcs,  hence  there  are  a  number  of  ways  to  display  it. 
The  AFIT  far-field  range  will  be  able  to  analyze  a  target's 
RCS  in  various  ways.  One  of  these,  a  common  method  knov/n  as 
a  "pattern  cut",  is  to  rotate  the  target  in  some  plane 
through  360°  at  a  fixed  frequency.  This  measurement  reveals 
the  dependence  of  RCS  on  the  aspect,  or  viewing  angle. 
Another  measurement  which  will  be  available  is  the 
"frequency  response"  of  the  target's  RCS.  This  is  a 
measurement  through  a  range  of  frequencies  at  a  fixed  aspect 
angle,  and  yields  both  the  amplitude  and  phase  of  the  RCS  as 
a  function  of  frequency.  The  complex  frequency  domain  data 
can  be  transformed  to  the  time  domain  via  an  Inverse  Fourier 
Transform  to  obtain  a  temporal  view  of  the  target's  return. 
These  techniques  will  be  explained  further  in  Chapter  III. 

Problem  statement 

The  purpose  of  this  thesis  is  twofold.  The  first 
objective  is  to  complete  the  development  of  the  AFIT  far- 
field  radar  range;  particularly  to  install  the  recently 
acquired  equipment  and  automate  the  measurement  process  with 
proper  calibration  procedures.  The  chamber  will  then  be 
used  to  investigate  the  effect  of  a  metallic  versus  a 
transparent  canopy  on  the  total  RCS  of  an  aircraft. 
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Approach 

The  first  task  is  to  upgrade  the  instrumentation  used  in 
the  AFIT  chamber.  This  will  involve  writing  the  softv;are 
necessary  to  fully  utilize  the  measurement  capabilities  of 
the  newly  acquired  network  analyzer.  These  measurements 
include  pattern  cuts  and  target  frequency  responses.  The 
ability  to  measure  the  amplitude  and  phase  of  the  frequency 
response  brings  about  the  requirement  to  perform  a  complex 
calibration.  The  complex  calibrated  frequency  response  can 
then  be  used  to  compute  the  band-limited  impulse  response  of 
the  target  (time  domain  view)  .  These  are  all  tasks  •..•hich 
the  software  must  accomplish.  The  software  will  also 
perform  a  vector  background  subtraction  and  implement  a 
'software  range  gate'  to  minimize  the  undesired  signals. 

This  first  task  will  include  the  software,  validation  tests 
of  the  system,  and  an  assessment  of  system  sensitivity,  or 
noise  floor. 

The  second  task  of  this  research  is  to  examine  the 
scattering  from  metallic  versus  transparent  canopies. 
Measurements  will  first  be  made  of  small-scale  models  of 
fighters.  These  measurements  will  show  the  effect  of 
metallic  versus  transparent  canopies  on  the  total  aircraft 
RCS  at  a  specific  azimuth  angle.  The  measured  results  of 
the  scale  models  must  be  scaled  in  order  to  relate  them  to 
the  full-size  aircraft.  For  example,  a  1/33  scale  model 
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measured  at  10  GHz  is  equivalent  to  the  full-size  aircraft 
measured  at  an  effective  operating  frequency  of  .3  GHz. 

Measurements  will  also  he  made  on  a  test  body  which  v;ill 
physically  isolate  the  cockpit/ canopy  effect  from  the 
aircraft.  The  test  body,  which  will  be  discussed  further  in 
Chapter  V,  is  intended  to  have  a  very  low  RCS  so  that  the 
object  of  interest,  in  this  case  the  cockpit/canopy,  will  be 
the  only  scatterer.  In  addition,  the  test  body  measurements 
will  result  in  a  higher  effective  operating  frequency,  since 
the  cockpit/canopy  can  be  as  large  as  the  entire  scale  model 
mentioned  in  the  above  example. 

As  mentioned  earlier,  in  an  ideal  RCS  measurement,  a 
target  would  be  in  free  space  and  would  be  illuminated  by  a 
perfect  plane  wave.  One  objective  of  the  next  chapter  is  to 
quantify  how  well  the  AFIT  measurement  range  approximates 
these  ideal  conditions. 
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The  AFIT  Anechoic  Chamber 


This  chapter  describes  the  hardware  and  physical  layout 
of  the  AFIT  far-field  RCS  measurement  range.  Also  discussed 
are  the  approximations  of  the  conditions  assumed  in  the 
definition  of  RCS.  These  conditions  are  that  of  an  incident 
plane  wave  and  of  a  target  in  free  space.  These  conditions 
will  be  quantified  to  some  extent. 

Physical  Layout 

The  RCS  measurement  range  is  part  of  AFIT ' s  Advanced 
Technology  Laboratories  located  in  Area  B  at  Wright- 
Patterson  AFB.  The  range  was  built  in  the  confines  of 
Building  168,  which  presented  the  primary  restrictions  on 
the  dimensions  of  the  anechoic  chamber.  A  sketch  of  the 
measurement  range,  shown  in  Figure  2-1,  reveals  the  main 
features  of  the  measurement  chamber. 

The  most  outstanding  feature  of  the  anechoic  chamber  is 
its  tapered  design.  The  chamber  was  constructed  several 
years  ago  when  such  a  taper  was  thought  to  suppress  specular 
wall  reflections.  Measurements  from  Swarner  (8:  )  and 

calculations  from  Joseph  (3;  ),  however,  have  shown  that 

the  pyramidal  absorber  material  used  to  line  the  walls  is 
not  a  specular  scatterer.  The  question  of  optimum  chamber 
design  is  outside  the  scope  of  this  study. 

The  length  of  the  room  is  45  feet,  while  the  crossrange 
distance  varies  from  16  feet  at  the  front  to  24  feet  at  the 
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AFIT  range  floor  plan 


Figure  2-1 


rear  of  the  chamber.  The  ceiling  is  canted  upward  from  a 
height  of  14  feet  at  the  front  to  26  feet  at  the  back.  The 
two  entrances  into  the  chamber  are  located  on  the  right  and 
left  sides  towards  the  front  of  the  chamber.  A  cross- 
section  of  the  measurement  chamber  is  shown  in  Figure  2-2. 

The  center  of  the  target  mount,  or  pedestal,  is  26.5  feet 
from  the  front  wall  and  centered  in  the  cross-range 
dimension.  The  pedestal  is  a  conical  ogive  column  made  of 
metal  and  stands  7.5  feet  high.  Its  shape  and  orientation 
with  respect  to  the  incident  wave  are  designed  to  have  a 
very  low  RCS  while  maintaining  the  ability  to  support  and 
rotate  a  target. 

The  microwave  energy  is  transmitted  into  the  chamber  by  a 
pyramidal  horn  antenna,  and  the  return  signal  is  collected 
by  an  identical  receiving  antenna.  The  antennas  are  mounted 
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Cross-section  of  chamber  showing  target  pedesral 

and  antennas 
Figure  2-2 


adjacent  to  one  another  and  separated  by  two  inches  in  a 
circular  cavity  on  the  front  wall  of  the  chamber.  The 
antennas  are  centered  in  the  cross-range  dimension  and  are 
at  a  height  of  eight  feet  above  the  floor.  The  antennas  are 
mounted  such  that  the  faces  of  the  antennas  extend  two 
inches  beyond  the  front  wall  of  the  chamber. 

The  walls,  ceiling,  and  floor  of  the  chamber  (with  the 
exception  of  the  walk-way  to  the  target  pedestal)  are  lined 
with  18  inch  pyramidal  Radar  Absorbing  Material  (RAM) .  A 
block  of  pyramidal  absorber  is  shown  in  Figure  2-3. 

This  RAM  is  a  carbon  impregnated  urethane  foam.  The  4'x 
4'  blocks  are  glued  to  the  conducting  ceiling  and  walls  of 
the  chamber,  and  placed  on  the  tile  floor  of  the  chamber. 
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The  RAM  acts  as  a  geometric  transition  from  non-conducting 
free  space  to  the  conducting  walls  and  ceiling.  RAM  is  also 
placed  to  hide  the  base  of  the  target  support  pedestal . 


Pyramidal  Radar  Absorbing  Material  (RAM) 
Figure  2-3  (6:252) 


Hardware 

The  next  task  is  to  describe  the  instrumentation  used  to 
perfoim  RCS  measurements  in  the  AFIT  range.  A  schematic  of 
the  hardware  set-up  is  provided  in  Figure  2-4. 

Source/Amplif ier .  The  transmitted  signal  for  the  RCS 
measurement  is  a  continuous  wave  (CW)  microwave  radio 
frequency  signal  generated  by  the  HP  8340B  Synthesized 
Sweeper.  The  sweeper  output  is  fixed  at  0.0  dBm.  The 
accuracy  of  the  source  at  this  output  level  is  ±1.5  dB.  The 
signal  is  passed  through  a  directional  coupler,  and  then 
sent  to  the  HP  8349B  Microwave  Amplifier  where  the  level  is 
boosted  to  24  dBm  for  all  measurements.  At  this  relatively 


low  power  output  level,  the  stability  of  the  amplifier  is 
rated  at  ±1.25  dB  (2;Sec  1-11). 

Antennas .  The  purpose  of  the  antennas  is  to  transmit  the 
illuminating  energy  and  receive  the  scattered  energy. 

Because  the  source  is  producing  a  continuous  signal  (as 
opposed  to  a  pulsed-CW  system) ,  separate  transmit  and 
receive  antennas  are  required-  The  antennas  used  in  this 
study  cover  the  frequency  range  of  6  GHz  to  18  GHz.  The 
main  lobe  of  the  radiation  pattern  provides  nearly  uniform 
illumination  of  the  target. 

Frequency  Converter.  The  role  of  the  HP  8511A  Frequency 
Converter  is  to  convert  the  RF  test  and  reference  signals  to 
IF  while  preserving  the  relative  amplitude  and  phase  of  the 
two  signals.  This  function  is  not  performed  perfectly; 
however,  any  frequency-dependent  distortion  introduced  v/ill 
later  be  eliminated  in  the  calibration  process.  The 
frequency  conversion  of  the  RF  signal  is  to  an  IF  of  20  MHz 
which  is  then  passed  to  the  network  analyzer  for 
measurement . 

Network  Analyzer.  The  heart  of  the  measurement  system  is 
the  HP  8510B  Network  Analyzer  (NWA) .  The  HP  8510  is 
actually  composed  of  two  instruments  which  operate  on  the 
incoming  data  from  the  frequency  converter.  In  the  first 
step,  the  HP  85102  IF/Detector  converts  the  20  MHz  signal  to 
150  KHz  where  the  synchronous  detectors  determine  the  real 
and  imaginary  parts  of  the  test  signal  relative  to  the 
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Hardware  configuration 
Figure  2-4 


reference  signal.  The  relative  amplitude  and  phase  data  is 
then  sent  to  the  HP  85101  Display/Processor  for  data 
processing  and  conversion  to  one  of  the  display  formats. 

The  entire  system  can  be  controlled  from  the  front  panel 
of  the  network  analyzer.  The  source,  frequency  converter, 
pedestal  controller,  and  peripherals  such  as  plotters  can  be 
linked  to  the  NWA  via  the  HP  8510  System  Bus.  In  the 
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configuration  used  at  the  AFIT  range,  however,  fhe 
measurement  process  is  automated  by  a  computer. 

System  Contrc-Ier.  The  measurement  procedure  is  direcred 
by  the  HP  9000  Series  236  Computer.  The  computer  controls 
the  entire  system  either  directly  through  the  HP-IB  or 
indirectly  through  the  HP  8510  System  Bus  via  the  network 
analyzer.  The  computer  and  NWA  share  the  processing  and 
calibration  functions  as  prescribed  by  the  software.  These 
tasks  and  the  software  will  be  discussed  in  Chapter  Til. 

Pedestal  Controller.  The  servo-mechanism  v;hich  rotates 
the  target  pedestal  is  controlled  by  the  Newport  Corporation 
855C  Controller.  This  controller  is  directed  by  the  HP 
computer. 

Peripherals .  There  are  several  options  for  obtaining 
hardcopies  of  the  PCS  data.  A  printer  is  hardwired  to  the 
HP  computer  for  obtaining  program  listings  or  screen  dumps. 

A  plotter  is  also  hardwired  to  the  HP  computer  to  get 
formatted  PCS  plots.  Another  plotter  is  dedicated  to  the 
NWA  to  obtain  a  copy  of  whatever  data  is  on  the  NWA  screen. 
Finally,  a  personal  computer  is  connected  to  the  HP  computer 
via  an  RS232  link  so  that  data  files  can  be  sent  to  this 
second  computer  for  off-line  processing. 

The  final  objective  of  this  chapter  is  to  evaluate  how 
well  the  AFIT  PCS  range  duplicates  the  conditions  assumed  in 
the  definition  of  PCS  of  an  incident  plane  wave  and  a  target 
isolated  in  free  space.  While  the  software  which  directs 


14 


the  neasurement  procedure  is  very  much  a  part  of  AFIT's 
anechoic  chamber,  its  impact  on  the  final  result  will  be 
addressed  in  Chapter  III. 

Target  Zone 

The  definition  for  the  RCS ,  a,  assumes  that  the  distance 
between  the  target  and  the  source  approaches  infinity  to 
enforce  plane  v/ave  illumination.  (The  target  is  assumed  to 
be  a  small  scatterer  in  the  far  zone  of  the  source.)  One 
question  to  be  answered,  then,  is  how  close  is  the  incident 
field  in  the  measurement  chamber  to  a  plane  '.vave.  The  other 
assumption  in  the  definition  that  the  target  is  in  free 
space  prompts  another  question  of  how  well  the  measurement 
simulates  a  target  in  free  space.  Both  of  these  questions 
are  addressed  next. 

Incident  Plane  Wave.  In  comparing  our  incident  field  to 
an  ideal  plane  wave,  three  parameters  are  considered: 
crossrange  amplitude  variation,  crossrange  phase  variation, 
and  downrange  amplitude  variation.  Ideally,  all  three  are 
zero.  In  general,  the  allowable  variation  in  these 
parameters  depends  on  the  type  of  target  being  measured,  the 
required  accuracy  of  the  RCS  data,  and  the  type  of 
processing  to  be  performed  on  the  RCS  data.  For  this  thesis 
effort  (and  commonly  used  in  similar  measurements) ,  a  1  dB 
downrange  and  crossrange  amplitude  variation,  and  a  n/16 
radian  crossrange  phase  variation  will  be  chosen  as  allowed 
limits.  These  limits  define  a  region  in  space  called  a 
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target  zone,  in  which  f-.e  incident  wave  is  acceptably 
similar  to  a  plane  wave.  The  following  paragraphs  v;ill  use 
these  f^ree  parameters  to  determine  the  target  zone,  or 
maximum  size  of  the  target. 

First,  consider  the  downrange  amplitude  variation.  Let  R 
be  the  distance  from  the  amp]  itude  and  phase  ce.nters  of  the 
antennas  to  rhe  target  zone,  and  assume  R  is  large  enough  so 
that  the  amplitude  of  the  incident  field  varies  as  1/R  in 
the  target  zone  (a  very  good  assumption) .  This  leads  to  the 
relationship 


D=R/8.2  2-1 

where  D  is  the  downrange  extent  of  tha  target  zone. 

The  next  parameter  to  be  considered  is  tne  crossrange 
phase  variation.  Assume  that  the  source  is  a  point  source 
as  shown  in  Figure  2-5.  (A  more  rigorous  analysis  would 
consider  the  actual  antenna  used,  but  would  yield  virtually 
identical  results.)  Assume  that  E' ( L/2 ) /E' ( 0 )  =Ae'''®  ,  so  that 
A  and  0  are  the  crossrange  amplitude  and  phase  variation, 
respectively.  By  simply  accounting  for  the  different  phase 
paths  from  source  to  target  zone  center  and  from  source  to 
target  zone  edge,  one  can  show  that  0=7r/16  radians  leads  to, 

L<^(AR)’^^  2-2 

where  L  is  the  crossrange  extent  of  the  target  zone  and  i  is 
the  operating  wavelength.  By  the  same  argument,  the 
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Point  source  model  for  phase  variation 
Figure  2-5 

vertical  extent  of  the  target  zone  is  also  given  by  equation 
2-2,  hence  the  target  zone  can  be  visualized  as  a  cylinder 
of  diameter  L  and  length  D  centered  on  the  target  mount. 

Finally,  when  considering  the  crossrange  amplitude 
variation,  the  point  source  model  is  inadequate.  Its 
application  would  result  in  L  ss  R.  A  more  rigouous  analysis 
where  some  antenna  is  chosen  must  be  carried  out.  This 
would  result  in  a  limit  on  L  which  is  less  restrictive  than 
that  set  by  the  allowed  crossrange  phase  variation.  The 
dimensions  of  the  target  zone,  therefore,  are  determined 
from  equations  2-1  and  2-2.  More  information  on  this 
subject  can  be  found  in  (5:920-928). 

Recalling  the  fixed  range  separation  in  AFIT's  chamber  of 
26.5  feet,  equation  2-1  yields  a  value  of  3.2  feet  for  the 
downrange  extent  of  the  target  zone.  Figure  2-6  displays  L 
versus  frequency  for  a  range  of  26.5  feet. 


Crossranga  extent  of  target  zone  versus  frequency 

Figure  2-6 


The  maximum  crossrange  extent  of  the  target  zone  is 
clearly  limited  by  the  highest  operating  frequency. 
Currently,  the  maximum  frequency  of  operation  in  AFIT's 
range  is  12.4  GHz,  which  restricts  the  crossrange  extent  of 
the  target  zone  to  0.725  feet,  or  8.7  inches.  The 
crossrange  extent  of  the  target  zone  is  0.6  feet,  or  7.2 
inches  if  the  upper  frequency  is  18  GHz.  Now  that  the 
target  zone  is  fully  specified,  the  front  and  side  views  of 
the  target  pedestal  and  the  cylindrically-shaped  target  zone 
are  shown  in  Figure  2-7. 

Target  in  Free  Space.  To  accurately  produce  the  RCS  of  a 
target,  the  range  must  be  able  to  measure  the  return  from 
the  target  as  if  it  were  in  free  space.  Any  returns  from 
other  than  the  target  will  incorrectly  affect  the  result. 
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front  vieu 


side  vieu 


Target  zone  dimensions  for  upper  frequency  of  12.4  GHz 

Figure  2-7 

The  goal  of  the  AFIT  far  field  range,  then,  is  to  minimize 
these  erroneous  returns.  A  parameter  used  to  evaluate  how 
well  a  chamber  reduces  the  unwanted  returns  is  called  the 
noise  floor. 

The  noise  floor  is  the  noise  level  remaining  after  range 
gating  and  vector  subtraction  have  been  performed.  It 
determines  how  accurately,  if  at  all,  low  RCS  targets  can  be 
measured.  In  a  well  designed  measurement  system,  receiver 
noise  is  below  the  "noise  floor",  so  that  receiver  noise  is 
not  the  overriding  source  of  noise  in  the  measurement 
system.  The  measured  noise  floor  of  the  AFIT  range  is  at 
least  -60  dBsm  between  8  GHz  and  12.4  GHz.  The  accuracy  of 
the  amplitude  of  a  measurement,  however,  is  directly  related 
to  the  Signal  to  Noise  Ratio  (SNR).  This  means,  for 


example,  if  a  measurement  accuracy  of  ±  0.5  dB  is  desired, 
the  target  should  have  a  minimum  RCS  at  least  10  dB  higher 
than  the  measured  noise  floor,  or  -50  dBsm. 

In  summary,  the  target  zone  of  the  chamber  v/as  identified 
as  a  3.3  foot  cylinder  with  a  diameter  of  0.72  feet.  The 
noise  floor  of  the  chamber  was  measured  at  -60  dBsm  between 
8  GHz  and  12.4  GHz.  The  next  chapter  discusses  the  softv;are 
which  automates  the  measurement  process.  In  addition 
describing  the  structure  of  the  program  and  the  options  it 
offers  the  user,  Chapter  III  will  explain  how  the 
measurements  are  taken  and  show  that  these  are  valid  RCS 
measurements . 
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AFIT  RCS  Measurement  Software 

An  integral  component  of  the  AFIT  far-field  measurement 
range  is  a  software  package  called  AFIT  RCS  Measurement 
Softv/are  (ARMS)  .  The  code  was  written  in  HP  BASIC  to  run 
the  HP  ^736  comp’iter  which  serves  as  the  controller  for  the 
measurement  range.  Although  the  most  obvious  purpose  of 
ARMS  is  to  automate  the  range  instrumentation,  the  softv/are 
also  directs  the  measurement  procedures  and,  more 
significantly,  calibrates  the  raw  data  and  performs  vector 
background  subtraction.  There  is  also  a  post-processing 
option  via  the  network  analyzer.  The  purpose  of  this 
chapter  is  to  explain  these  capabilities  and  provide  a  brief 
description  of  ARMS. 

ARMS  Structure 

The  ARMS  program  is  a  compilation  of  three  major 
subroutines.  The  first  two  perform  pattern  cuts  and 
frequency  responses,  respectively,  while  the  third 
subroutine  handles  processing  and  plotting  of  previously 
measured  data.  A  significant  portion  of  the 
processing/plotting  subroutine  is  composed  of  existing  code 
written  recently  by  AFIT  faculty  and  staff  members.  More 
detailed  information  regarding  the  architecture  and 
operation  of  the  software  may  be  obtained  from  the  flow 
charts  provided  for  each  subroutine  (listed  in  Appendix  A) , 
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or  from  the  code  itself  (listed  in  Appendix  B) .  The  flow 
charts  provided  in  this  chapter  are  extremely  simplified  in 
order  to  aid  in  the  discussion  of  the  measurement  procedure. 

The  overall  organization  of  ARMS  is  shown  in  Figure  3-1. 
The  motivation  behind  this  structure  is  to  separate  the 
measurement  activity  from  the  plotting  and  processing 
activity.  This  organization  was  selected  in  part  because  of 
the  ability  and  preference  to  transfer  the  calibrated  data 
files  from  the  HP  computer  to  a  Zenith  computer,  whose 
plotting  and  processing  options  are  not  nearly  as  limited. 
This  approach  will  also  save  time  since  it  frees  the  range 
for  further  measurements. 

Calibration 

This  section  will  explain  the  formula  used  in  ARMS  to 
produce  the  calibrated  RCS  of  a  target  for  a  pattern  cut  or 
frequency  response.  A  discussion  of  the  limitations  of  the 
foirmula  and  how  it  applies  to  the  two  measurements  will 
follow. 

In  order  to  determine  the  RCS,  the  formula  must  produce 
the  quantity  r(EVE')  ,  where  E®  is  the  scattered  field  of  the 
target,  E'  is  the  incident  field  at  the  target,  and  r  is  the 
range  separation  from  antennas  to  target.  This  quantity, 
which  is  the  basis  of  the  definition  of  RCS  (reference 
equation  1-1) ,  assumes  a  plane  incident  wave  and,  for  now, 
neglects  the  Aw  constant. 


ARMS  PROGRAM 


ARMS  organization 
Figure  3-1 


Consider  the  exact  solution  of  the  scattering  from  a 
sphere,  The  solution  can  be  written  in  terms  of  the 

incident  field  and  the  range  separation  as  shown  below 


where  F  is  some  known  complex  scattering  function.  Note 
that  two  of  the  elements  in  the  definition  of  RCS,  r  and  e', 
are  present  in  the  exact  solution  of  the  sphere,  but  are 
inverse  to  the  same  elements  in  the  desired  quantity. 
Solving  for  F  corrects  the  inverse  problem,  and  since  it  is 
known  exactly,  F  will  be  used  to  calibrate  the  desired 
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a  =  47rr^l  |t| 

The  quality  of  the  measured  sphere  and  target  returns 
dictates  the  accuracy  of  the  measurement.  The  software 
performs  complex  vector  background  subtraction  on  these 
returns  in  an  attempt  to  duplicate  the  free  space  condition 
inherent  in  the  definition  of  RCS.  (Recall  that  the  far- 
field  condition  has  already  been  assumed,  and  is 
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approximated  by  imposing  limitations  on  the  permitted  phase 
and  amplitude  variations  of  the  incident  field.)  The 
subtraction,  however,  cannot  include  the  interactions 
between  the  target  and  the  target  mount,  or  between  the 
sphere  and  the  sphere  mount,  and  so  on,  because  these 
interactions  are  not  present  in  the  background  measurement. 
Note  that  the  formula  for  the  calibrated  RCS  given  in 
equation  3-2  can  be  used  for  a  single  frequency,  as  in  a 
pattern  cut,  or  used  repeatedly  through  a  range  of 
frequencies,  as  in  a  frequency  response. 

The  next  task  is  to  describe  the  procedure  for  performing 
the  two  measurement  options  available  to  the  user:  the 
pattern  cut  and  the  frequency  response.  A  pattern  cut  is  a 
representation  of  the  RCS  of  a  target  as  a  function  of 
aspect  angle.  The  data  is  taken  at  a  single  frequency  while 
the  target  is  rotated  through  360  degrees.  A  frequency 
response  shows  the  RCS  of  a  target  as  a  function  of 
frequency  at  a  fixed  azimuth  angle.  This  allows  for  the 
calculation  of  a  bandlimited  impulse  response,  v/hich  is  a 
time  domain  view  of  the  target  scattering.  For  both 
options,  there  are  four  measurements  required  to  compute  the 
RCS.  They  are  the  reference  sphere  background,  the 
reference  sphere,  the  target  background,  and  the  target. 
Also,  an  appropriate  amount  of  averaging  is  used  for  each 
type  of  measurement,  and  the  user  can  select  the  width  of  a 
pre-measurement  gate  which  defines  the  range  gate  for  which 
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data  is  collected.  The  pattern  cut  is  the  first  neasurer.ent 
option  to  be  discussed. 

Pattern  Cut  Procedure 

For  the  pattern  cut,  ARMS  directs  the  network  analyzer 
to  record  the  magnitude  (in  dBsm)  of  the  complex  return  for 
all  measurements.  For  this  discussion,  refer  to  the  flow 
chart  of  the  measurement  procedure  for  the  pattern  cut  v/hich 
is  shown  in  Figure  3-2. 

First,  the  user  is  prompted  to  input  information  needed 
for  the  pattern  cut,  such  as  the  operating  frequency,  gate 
width,  and  polarization.  The  user  then  measures  the  return 
of  the  reference  sphere  background.  This  background  is 
composed  of  the  room  and  the  mount  which  supports  the 
sphere.  The  network  analyzer  places  this  return  in  the 
network  analyzer  memory.  The  next  measurement  needed  is  the 
return  from  the  reference  sphere.  After  this  measurement  is 
made,  the  network  analyzer  subtracts  the  sphere  background 
return  from  the  sphere  measurement  to  come  up  with  the  free- 
space  measurement  of  the  reference  sphere.  As  explained 
earlier,  the  background  subtraction  is  performed  to  comply 
with  the  free  space  condition  in  the  definition  of  RCS . 

Note  that  the  sphere  and  sphere  background  measurements  are 
taken  at  one  position  only. 

The  third  measurement  is  of  the  target  background.  If 
the  target  background  is  identical  to  the  reference  sphere 
background,  the  measurement  can  be  skipped,  as  ARMS  will 
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PATTERN  CUT  PROCEDURE 


Measurement  procedure  for  a  pattern  cut 
Figure  3-2 


substitute  the  sphere  background  return  for  the  target 
background  return  upon  subtraction.  If  the  target 
background  is  different,  care  should  be  taken  that  the 
target  background,  or  mount,  is  symmetrical  in  the  azimuthal 
plane  since  the  mount  will  be  rotated  in  a  pattern  cut.  As 
before,  the  target  background  return  is  placed  in  the 
network  analyzer  memory  where  it  will  be  subtracted  from  the 
target  return. 
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When  the  target  background  option  is  resolved,  the  last 
measurement  is  of  the  return  from  the  target.  At  each 
degree,  the  target  return  is  measured  and  sent  to  memory 
where  the  target  background  is  subtracted.  The  free-space 
target  return  is  then  stored  in  the  first  row  of  a  1  x  360 
dimensioned  array.  The  positioner  then  rotates  the  target 
mount  to  the  next  position  and  the  process  is  repeated  until 
the  array  is  filled.  This  sequence  of  measurements  is 
intended  to  minimize  the  possibility  of  moving  something  in 
the  chamber  once  it  has  been  measured,  hence  introducing 
error  in  the  measurement  procedure. 

The  final  step  in  producing  a  pattern  cut  is  to  calculate 
the  RCS  for  each  of  the  360  data  points.  The  formula  which 
calculates  RCS  for  a  pattern  cut  uses  an  a-nroximation  which 
makes  it  slightly  different  from  the  formula  given  in 
equation  3-2.  The  high  frequency  approximation  for  the 
return  of  a  sphere,  ma^,  (a  is  the  radius  of  the  sphere),  is 
used  instead  of  the  exact  solution  for  the  scattering  from  a 
sphere.  The  effect  of  this  simplification  on  the  pattern 
cut,  however,  is  simply  a  uniform  shift  in  the  magnitude  of 
the  data.  The  formula  used  by  the  HP  computer  to  calculate 
the  magnitude  of  the  return  in  decibels,  is  shown  in 
equation  3-3. 

%ttern  cut  =101og(7ra^)  +  [ Target-Target_background ] 

-  [Sphere  -  Sphere_background]  (dBsm)  3-3 
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After  the  pattern  cut  is  complete,  the  result  is 
displayed  on  the  HP  9236  computer,  with  a  menu  v;hich  offers 
several  options.  The  user  can  align  or  shift  the  pattern 
cut  to  a  desired  angle,  save  the  result,  perform  another 
pattern  cut,  or  return  to  the  main  menu.  An  example  plot  of 
a  pattern  cut  is  shown  in  Figure  3-3.  The  target  is  a 
trihedral  corner  reflector  oriented  so  the  maximum  open  face 
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Example  plot  of  a  pattern  cut 
Figure  3-3 


occurs  at  180°.  The  RCS  is  given  in  dBsm,  and  the  angular 
resolution  of  the  data  is  one  degree.  The  header 
information  provided  at  the  bottom  of  the  plot  includes  the 
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v.’idth  of  the  sortware  gate  selected  at  the  beginning  of  the 
neasurement . 

Frequency  Response  Procedure 

A  frequency  response  measurement  displays  the  RCS  of  a 
target  as  a  function  cf  frequency  at  a  fixed  azimuth  angle. 
For  each  of  the  four  required  measurem.ents ,  the  netv.'ork 
analyzer  samples  the  bandwidth  of  the  sweep  at  801  equal 
intervals,  and  records  the  real  and  imaginary  components  of 
the  return  in  a  801  x  2  dimensioned  array.  ARMS  implements 
trace  averaging,  where  the  displayed  trace  is  a  weighted 
average  of  previous  traces,  instead  of  the  single  frequency 
point  averaging  technique  used  in  the  pattern  cut,  to  obtain 
consistent  data.  Figure  3-4  provides  a  flow  chart  of  the 
measurement  procedure  for  a  frequency  response. 

As  with  the  pattern  cut,  the  first  step  taken  by  ARMS  is 
to  obtain  the  necessary  input  from  the  user.  For  a 
frequency  response,  the  required  information  is  the  start 
and  stop  frequency,  antenna  polarization,  range  gate  width, 
averaging  factor,  and  the  sv/eep  mode  of  the  source  generator 
(ramp  or  step).  The  first  two  measurements  are  of  the 
returns  from  the  reference  sphere  and  the  reference  sphere 
bacKground.  The  network  analyzer  writes  the  complex  data  to 
arrays  called  Reference,  and  Ref_background ,  respectively. 
Next,  the  user  is  prompted  to  measure  the  target  background. 
As  with  the  pattern  cut,  if  the  backgrounds  are  the  same, 
ARMS  provides  the  user  an  option  to  substitute  the  reference 
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FREQUENCY  RESPONSE  PROCEDURE 


COLLECT  USER 


MEASURE  SPHERE 


MEASURE  SPHERE 
BACKGROUND 


/  NEW  V- 
/  TARGET  \ 
'RACKGROUND^ 


MEASURE  TAROS': 
BACKGROUND 


MEASURE  TARGET 


Measurement  procedure  for  a  frequency  response 

Figure  3-4 


sphere  background  return  stored  in  the  array  Ref_background, 
for  the  measured  target  background  return  to  be  stored  in  an 
array  called  Target_background.  Finally,  the  target  is 
measured  and  the  data  stored  in  the  array  named  Target. 

For  the  frequency  response,  ARMS  performs  complex  vector 
background  subtraction  for  the  sphere  and  target 
measurements.  The  calibration  is  performed  using  the  exact 
solution  of  the  reference  sphere,  as  indicated  in  equation 
3-2  . 
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A  sample  of  a  frequency  response  plot  is  shown  in  Figure 
3-5.  Note  that  a  software  gate  can  be  applied  to  the 
calibrated  frequency  response  data,  in  addition  to  the  pre¬ 
measurement  range  gate,  labeled  'soft  gate'  on  the  plot. 

The  plot  designates  the  center  of  the  software  gate,  labeled 
'gate  center',  and  the  width  of  the  gate,  labeled  'gate 
width',  which  is  symmetric  about  the  center.  ARMS  utilizes 
the  processing  capability  resident  in  the  network  analyzer 
to  set  the  location  and  width  of  the  secondary  gate. 


The  target  in  the  example  frequency  response  in  Figure 
3-5  is  a  five  inch  sphere.  The  dominant  contributor  to  the 
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RCS  of  a  sphere  is  the  specular  return,  which  is  shown  in 
the  plot  to  be  approximately  -19  dBsm.  The  variation  of  the 
RCS  about  this  level  indicates  the  presence  of  the  creeping 
wave  which  adds  in  and  out  of  phase  with  the  specular 
return . 

Time  Domain 

As  mentioned  earlier,  the  network  analyzer  has  a  feature 
which  produces  a  temporal  view  of  the  RCS  by  transforming 
the  frequency  response  data  to  the  time  domain  via  an 
inverse  Fourier  Transform.  This  view  of  RCS  gives  an 
indication  of  the  downrange  position  of  the  scatterers 
on  the  target.  Figure  3-6  is  an  example  plot  of  the  time 
domain  view  of  RCS.  The  target  is  the  same  sphere  whose 
frequency  response  is  shown  in  Figure  3-5,  but  the  specular 
and  creeping  wave  are  now  isolated  in  time.  Notice  the  same 
header  information  is  provided  for  the  frequency  response 
plot  and  time  domain  view  of  RCS.  The  alias  free  range, 
impulse  width,  and  range  resolution  are  useful  parameters 
which  describe  the  time  domain  view  and  quantify  the 
limitations  due  to  the  band-limited  processing  and  the 
sampling  technique  used  to  obtain  the  RCS  versus  time  data. 

Alias  Free  Range.  The  alias  free  range,  or  measurement 
range,  is  the  downrange  distance  in  which  a  measurement  can 
be  made  without  encountering  aliasing,  which  is  a  repetition 
of  the  response.  Aliasing  is  a  consequence  of  the  manner  in 
which  the  frequency  domain  data  is  collected.  An 
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illustration  of  aliasing  is  provided  in  Figure  3-7. 

The  network  analyzer  effectively  converts  continuous 
frequency  spectrum  data  into  a  discrete  set  of  data  due  to 
the  sampling  process  at  the  uniform  frequency  points.  The 
effect  of  this  sampling  process  is  that  the  time  domain 
response  becomes  a  periodic  function  with  a  period,  T,  of 
1/Af  seconds,  where  Af  is  the  frequency  spacing  between 
samples.  The  frequency  spacing  is  determined  from  the 
bandwidth  of  the  frequency  response  and  the  number  of 
samples  taken.  The  alias  free  range,  RgHas  free'  found  by 
multiplying  the  period  of  the  repeating  time  domain 
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Illustration  of  aliasing 
Figure  3-7  (l:Sec  3.5-11) 


response,  T,  by  the  velocity  of  the  wave  in  the  medium,  c, 
which  is  taken  here  as  the  speed  of  light  in  free  space. 
Because  an  RCS  measurement  is  a  reflection  measurement,  the 
actual  downrange  distance  of  the  target  cannot  exceed  half 
of  the  alias  free  range. 


Raiias  free("'eters)=  X  c(m/sec) 


At  the  AFIT  measurement  facility,  the  downrange  distance 
before  aliasing  is  encountered  is  89.5  feet  for  a  frequency 
range  of  8  to  12.4  GHz  and  801  sampling  points. 

Range  Resolution.  This  parameter  defines  the  minimum 
distance  required  to  separate  two  responses  of  equal 
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magnitude  which  are  close  together  in  time.  Sometimes 
called  response  resolution,  the  range  resolution  is  directly 
related  to  the  impulse  width.  The  impulse  width  depends  on 
the  frequency  range  and  the  window  selected,  and  is  defined 
as  the  width  between  the  half  power  points.  For  reflection 
measurements  such  as  for  RCS ,  the  relationship  for  the 
impulse  width  is 

Impulse  Width  =  0.96/f^g^gg(Hc) 

where  f range  bandwidth  of  the  frequency  response,  and 

the  constant  0.96  is  associated  with  a  'normal'  window  as 
defined  in  the  network  analyzer  {l:Sec  3.5-16).  (Note  the 
difference  between  this  definition  and  the  approximation  of 
the  impulse  width  for  a  typical  radar,  which  is  1/(2B), 
where  E  is  the  bandwidth  of  the  pulse.)  For  a  frequency 
response  from  8  to  12.4  GHz,  the  impulse  width  is  0.22  nsec. 
This  width  will  be  wider  for  responses  of  different 
magnitudes . 

The  range  resolution  is  found  by  multiplying  the  impulse 
width  by  the  velocity  of  the  wave,  taken  again  as  c,  the 
speed  of  light.  For  the  frequency  response  example  given 
above,  the  range  resolution  is  2.6  inches.  For  a  frequency 
response  from  6  to  18  GHz,  the  range  resolution  improves  to 
slightly  less  than  one  inch. 

Display  Resolution.  The  display  resolution  determines 
the  ability  to  determine  the  location  of  a  response  in  the 
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time  domain.  This  parameter  depends  on  the  time  span  on  the 
display  and  the  number  of  data  points  as  shown  below, 

Display  Resolution  =tjpgy(no.  of  points-1) 

where  t^p^^  is  the  time  span  on  the  display.  For 
measurements  made  at  the  AFIT  range,  the  bandwidth  for  a 
frequency  response  will  always  be  sampled  801  times,  and  the 
time  domain  display  will  go  from  -5  to  5  nsec,  so  a  time 
domain  response  can  be  located  with  a  resolution  of  12.5 
picoseconds  on  the  display.  Obviously,  the  time  domain 
display  resolution  can  be  improved  by  simply  narrowing  the 
time  span  on  the  display. 

Software  Gate 

A  time  gate  can  be  applied  to  the  time  domain  data  of  a 
frequency  response  measurement.  This  is  accomplished  from 
the  Plotting  and  Processing  branch  of  ARMS.  The  gate  acts 
like  a  time  bandpass  filter  which  mathematically  eliminates 
responses  outside  the  gate.  ARMS  allows  the  user  to  select 
the  position  of  the  center  of  the  gate  and  a  symmetric  gate 
width.  After  the  gate  is  activated  in  the  time  domain,  the 
network  analyzer  performs  a  Fourier  Transform  of  the  gated 
time  domain  data  to  obtain  the  new  frequency  response  data. 
It  is  noted  here  that  the  automated  processing  available  via 
ARMS  represents  a  fraction  of  the  processing  options  that 
exist  in  the  network  analyzer.  (For  more  information,  see 
reference  {l:Sec  3.6).) 
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Performance  Validation 


The  purpose  of  this  chapter  is  to  validate  the 
performance  of  the  AFIT  far-field  measurement  range,  and 
demonstrate  the  analytical  procedure  and  type  of  information 
obtainable  using  the  ARMS  software.  The  first  step  is  to 
evaluate  the  measurement  procedure  and  the  performance  of 
equation  3-2,  which  ARMS  uses  to  determine  the  RCS  of  a 
target.  This  could  be  accomplished  by  comparing 
measurements  of  simple  objects,  such  as  flat  plates  or  a 
cylinder,  with  the  theoretical  RCS  of  the  target. 

Obviously,  the  inherent  limitations  of  a  measurement  made  in 
an  indoor  measurement  range  (due  to  the  imperfection  of  the 
far  field  and  free  space  approximations)  are  not  considered 
in  the  theoretical  predictions.  However,  with  proper 
attention  to  measurement  and  processing  details,  one  can 
achieve  agreement  (to  within  graphical  accuracy)  between 
measured  and  predicted  RCS .  Another  way  to  assess  the 
performance  of  the  AFIT  far-field  range  is  through 
comparison  with  measurements  and  processing  from  an 
established  indoor  RCS  measurement  facility.  To  verify  the 
proper  operation  of  the  AFIT  facility,  measurements  were 
repeated  at  the  Wright  Research  and  Development  Center's 
(WRDC)  anechoic  chamber.  This  measurement  facility  will  be 
briefly  described  later  in  this  chapter.  The  presence  of 
signals  from  other  than  the  target  in  a  measurement  is  a 
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source  of  error,  and  prompts  questions  regarding  the  effect 
of  the  noise  floor. 

Noise  Floor 

The  noise  floor  of  a  measurement  range  is  defined  here  as 
the  maximum  level  of  all  unwanted  signals  in  the  measurement 
procedure  after  processing.  In  addition  to  the  noise 
introduced  by  the  hardware,  the  chamber  is  a  significant 
source  of  noise  in  the  form  of  undesirable  scatterers. 
Ideally,  the  return  from  the  empty  chamber  (no  target 
present)  is  zero,  as  stated  in  the  free-space  condition.  In 
the  real  world,  however,  the  empty  chamber,  even  when 
carefully  lined  with  RAM,  scatters  the  incident  field.  The 
dominant  scatterers  in  the  AFIT  chamber  can  be  seen  by 
viewing  the  scattering  of  the  chamber  in  the  time  domain  as 
shown  in  Figure  4-1. 

The  most  dominant  return  seen  in  Figure  4-1  is  actually 
not  a  scatterer,  as  alluded  to  in  this  discussion,  but 
represents  cross-coupling  energy  between  the  transmit  and 
receive  antennas.  The  next  significant  return  may  be  caused 
by  two  smoke  detectors  whose  mount  and  location, 
unfortunately,  were  driven  by  safety,  as  opposed  to 
scattering  considerations.  Located  near  the  center  of  the 
figure  and  the  chamber,  the  target  pedestal  structure  and 
associated  RAM  are  the  cause  for  the  second  largest  return. 
Also,  the  interactive  scattering  between  the  target 
pedestal,  ceiling,  and  walls  is  a  source  of  noise.  Finally, 
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direct  scattering  from  the  rear  wall  is  seen  to  be  a 
significant  scatterer. 


The  unwanted  signals  can  be  partially  removed  by 
attenuation,  vector  subtraction,  and  hardware/software  range 
gating.  The  chamber  is  lined  with  RAM  which  attenuates  the 
energy  as  discussed  in  Chapter  II-  ARMS  also  utilizes 
vector  subtraction  and  software  range  gating  to  reduce  all 
unwanted  signals.  The  scattering  from  stationary  objects  is 
very  repeatable,  hence  vector  subtraction  does  a  good  job  of 
negating  their  impact  on  the  measurement.  A  further  means 
of  reducing  the  unwanted  signals  is  to  apply  a  filter  in  the 


Time  domain  view  of  chamber  scatterers 
Figure  4-1 
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time  domain  which  passes  only  the  energy  corresponding  to 
the  downrange  position  of  the  desired  target.  Note  chat 
this  technique,  called  time  (or  range)  gating,  also  passes 
energy  scattering  from  the  target  support  structure.  The 
effectiveness  of  these  techniques  can  be  determined  by 
measuring  the  noise  floor. 

The  noise  floor,  shown  in  Figure  4-2,  is  measured  by 
performing  a  frequency  response  where  the  target  measurement 
is  actually  a  measurement  of  the  empty  chamber.  The  target 
background,  of  course,  is  also  the  same  empty  chamber.  The 


Noise  floor  of  AFIT  range  using  8-12.4  GHz  antennas;  soft 
gate  of  7  nsec,  averaging  factor  of  16,  and  horizontal 


polarization 
Figure  4-2 
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figure  shows  the  RC3  of  the  empty  chamber  between  3  to  12.4 
GHz,  and  represents  the  minimum  level  of  a  target  return 
which  can  be  discerned  from  the  returns  of  che  noise  sources 
in  the  measurement  procedure. 

Some  measurements  in  this  thesis  were  taken  between  6  to 
18  GHz,  as  opposed  to  8  to  12.4  GHz,  because  antennas  with  a 
greater  bandwidth  became  available  late  in  the  research 
phase  of  this  study.  Preliminary  measurements  indicate  that 
the  new  antennas  concentrate  more  energy  on  the  target  and 
thus  yield  an  improved  noise  floor.  Regardless  of  the 
antennas  used  to  make  the  measurements,  to  obtain  results 
accurate  to  within  r  0.5  dB,  the  return  from  the  target 
should  be  10  dB  higher  than  the  noise  floor.  Figure  4-3 
shows  the  noise  floor  measured  using  the  new,  broadband 
antennas.  The  noise  floor  at  the  WRDC  Anechoic  Chamber  is 
claimed  to  be  -70  dBsm  (7).  A  brief  description  of  this 
facility  follows. 

WRDC  Anechoic  Chamber  ("The  Barn”) 

There  are  many  physical  differences  between  the  AFIT 
chamber  and  the  Barn  (a  local  name  for  the  facility) .  The 
primary  consideration  is  how  these  differences  affect  the 
plane  wave  and  free  space  conditions.  The  Barn's 
measurement  range  ;.s  housed  in  a  very  large  building  (shaped 
like  a  barn)  which  allows  for  a  large  chamber;  approximately 
twice  the  size  of  AFIT's  chamber.  The  measurement  facility 
is  a  compact  rano'’,  meaning  a  parabolic  reflector  is  used  to 
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is  7  nsec,  averaging  factor  is  16,  horizontal  polarization 


Figure  4-3 


simulate  a  plane  wave.  One  benefit  of  the  large  room  and 
parabolic  reflector  is  a  target  zone  of  nearly  10  feet  in 
downrange  length.  The  large  room  also  causes  greater 
spatial  attenuation  of  various  error  signals,  thus  improving 
the  free  space  approximation.  The  hardware  configurations 
which  drive  the  compact  ranges  are  also  different. 

The  Barn's  range  is  built  around  a  Lintek  system  instead 
of  the  Hewlett  Packard  Network  Analyzer  used  at  AFIT's 
range.  The  sources  used  in  each  chamber  are  identical, 
however  the  Barn  has  the  capability  to  simulate  a  pulsed 
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system  by  utilizing  hardware  gates.  This  is  a  key  factor 
regarding  the  free  space  condition,  because  only  the 
scattering  from  objects  in  the  desired  downrange  location 
are  passed  and  detected.  In  addition,  only  one  antenna  is 
reguired  at  the  Barn  which  eliminates  the  cross-coupling 
energy  between  antennas  which  occurs  at  the  AFIT  facility. 
Another  difference  is  the  bandwidth  of  the  antennas.  The 
Barn  can  collect  data  between  2  to  18  GHz,  as  opposed  to  6 
to  18  GHz  at  AFIT.  Some  other  general  comments  are  the 
relative  easy  access  to  the  target  pedestal ,  and  the  data 
processing  which  is  independent  of  the  measurement 
procedure.  The  above  is  a  fundamental  description  at  best. 
Questions  regarding  the  capability  of  the  Barn's  measurement 
ranges  should  be  directed  to  WRDC/SN. 

The  last  notable  difference  between  the  two  measurement 
ranges  is  in  the  presentation  of  the  product.  The  scale  of 
the  bandlimited  impulse  response  (time  domain)  is  presented 
in  a  linear,  dimensionless  scale  as  opposed  to  the  dBsm 
scale  used  in  the  AFIT  system. 

Validation  Measurements 

The  first  validation  measurement  is  a  frequency  response 
with  a  vertically  polarized  incident  field  on  a  cylinder  of 
length  12.25  inches  and  radius  1.5  inches.  The  cylinder's 
orientation  is  shown  in  Figure  4-4;  note  that  it  is 
broadside  to  the  incident  field. 
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Figure  4-4 


The  high  frequency  approximation  for  the  RCS  of  a 
cylinder  at  broadside  is  given  as, 


where  a  =  radius  of  the  cylinder 
1  =  length  of  the  cylinder 
A  =  wavelength 

and  predicts  a  value  of  approximately  -2  dBsm  at  8.5  GHz. 

The  frequency  responses  taken  at  the  AFIT  and  WRDC 
measurement  ranges  are  shown  in  Figure  4-5a  and  Figure 
4-5b,  respectively.  Both  measurements  show  a  slightly  lower 
RCS  than  the  predicted  value.  The  AFIT  measurement  is 
slightly  lower  than  the  Barn  measurement  due  to  a  difference 
in  the  azimuthal  orientation  rather  than  a  flaw  in  the 
measurement  procedure,  while  the  general  pattern  of  the 
frequency  response  is  very  similar  for  both  measurements.  In 
the  time  domain,  the  plots  are  harder  to  compare  because  the 
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Frequency  response  from  8  to  12.4  GHz  of  a  cylinder  of 
length  12.25  inches  and  radius  1.5  inches  at  broadside  and 
vertical  polarization  at  a)  AFIT  and  b)  the  Barn 

Figure  4-5 
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vertical  scales  are  different.  The  scattering  phenomena  are 
plain  Lo  see  in  the  AFIT  plot  (shown  in  Figure  4-6a) ,  while 
more  difficult  to  see  in  the  Barn  plot  (shown  in  Figure 
4-6b) .  The  scattering  consists  of  a  reflection  and  a 
creeping  wave.  The  longer  path  length  of  the  creeping  v;ave, 
referenced  to  the  specular  path  length,  corresponds  to  a 
0.65  nsec  roundtrip  delay,  which  is  evident  in  the  AFIT 
plot.  The  AFIT  plot  also  shows  the  return  due  to  the  double 
diffraction  mechanism  which  includes  the  opposite  edges. 

This  scattering  mechanism  has  a  roundtrip  path  length 
corresponding  to  1  nsec.  In  the  time  domain  plot  of  the 
Barn's  measurement,  one  is  interested  in  the  envlope  of  the 
trace  (due  to  their  processing) .  The  reflection  is  evident 
in  Figure  4-6b,  while  the  other  mechanisms  are  not;  this  is 
due  to  the  linear  scale. 

Analysis  Technique 

The  purpose  of  the  next  validation  measurement  is  to 
demonstrate  the  analytical  procedure  used  in  the  time  domain 
to  isolate  seperate  scatterers.  The  target  for  this 
measurement  is  a  pair  of  circular  flat  plates  which  are 
different  sizes  and  separated  in  the  crossrange  and 
downrange  directions.  The  configuration  of  the  plates  is 
shown  in  Figure  4-7,  and  the  incident  field  is  vertically 
polarized. 
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Time  domain  view  of  cylinder  at  a)  AFIT  and  b)  the  Barn 

Figure  4-6 


48 


12. 1" 


front  view  side  view 

Orientation  of  circular  flat  plates  for 
validation  measurements 
Figure  4-7 

The  frequency  response  provided  in  Figure  4-8  shows  an 
interference  pattern  caused  by  the  constructive  and 
destructive  phase  relationship  as  the  frequency  changes. 
While  this  information  is  useful,  it  is  often  beneficial  to 
know  the  frequency  response  of  a  single  scatterer,  or  in 
this  example,  the  frequency  response  of  just  one  plate. 

This  is  accomplished  by  applying  a  bandpass  filter  in  the 
time  domain  centered  over  the  scacterer  of  interest.  The 
time  domain  view  of  the  RCS  of  the  two  plates  is  shown  in 
Figure  4-9.  Note  that  the  scattering  from  each  plate  is 
shown  by  the  two  peaks,  located  at  -0.71  nsec  and  1.34  nsec, 
and  that  the  temporal  separation  is  the  roundtrip  time.  The 
temporal  path  length  between  these  peaks  is  2.05  nsec,  and 
indicates  the  plates  are  separated  by  30.75  cm.  Also,  the 
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polarization 


Figure  4-8 


amplitudes  of  the  returns  confirm  that  the  4  inch  plate  was 
in  front  of  the  larger  6  inch  plate. 

A  bandpass  gate  (from  -1.36  nsec  to  -0.06  nsec)  is 
applied  around  the  return  from  the  first  plate;  the 
resulting  gated  time  domain  is  shown  in  Figure  4-iOa,  This 
is  then  transformed  to  the  frequency  domain  via  a  Fast 
Fourier  Transform  (FFT) .  The  frequency  response  of  the 
first  plate  alone  is  shown  in  Figure  4-lOb. 

The  RCS  of  a  flat  plate  is  dependent  on  the  angle  of 
incidence  and  wavelength  of  the  incident  wave.  According  to 
the  high  frequency  prediction  formula,  a=4irA^/ x ,  where  A  is 
the  area  of  the  plate  and  X  is  the  wavelength,  the  RCS  of  a 
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Time  domain  view  of  RCS  of  two  plates 

Figure  4-9 


circular  flat  plate  at  normal  incidence  varies  from  -2.3 
dBsm  to  1.5  dBsm  as  the  frequency  increases  from  8  GHz  to 
12.4  GHz. 

As  can  be  seen  from  Figure  4-lOb,  the  effects  of  the 
processing  are  evident  at  the  edges  of  the  bandwidth,  near  8 
GHz  and  12.4  GHz.  When  these  effects  are  excluded,  the 
frequency  response  exhibits  the  proper  trend  regarding  the 
frequency  dependence,  namely,  the  RCS  of  a  flat  plate 
increases  as  the  frequency  is  increased  at  normal  incidence. 
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Gated  RCS  of  4  inch  circular  flat  plate  a)  time  domain  and 

b)  frequency  response 
Figure  4-10 
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Measurement  Results 


The  improvements  and  new  capabilities  of  the  AFIT  far- 
field  measurement  range  have  been  fully  described  and 
verified.  The  next  phase  of  the  research  is  to  use  the 
facility  to  investigate  the  effect  of  a  metallic  versus  a 
transparent  canopy  on  the  total  RCS  of  an  aircraft.  The 
approach  for  the  investigation  is  based  upon  measurements  of 
scale  model  aircraft  and  measurements  of  a  test  body 
specifically  designed  to  isolate  the  cockpit/canopy  area. 

The  organization  of  this  chapter  mirrors  the  major 
chronological  events  of  the  research.  The  foundation  of  the 
measurement  process  was  a  sufficiently  bounded  measurement 
test  matrix  which  would  ensure  appropriate  data  to 
accomplish  the  identified  objective  of  the  research.  The 
next  task  was  the  judicious  selection  of  a  scale  model 
aircraft  which  would  maximize  the  benefits  for  the  intended 
research,  but  not  violate  the  physical  limits  of  the 
chamber.  Measurements  of  the  scale  models  were  then  taken 
in  three  configurations  (specified  later  in  this  chapter)  to 
determine  the  relative  magnitude  of  the  scattering  of  the 
canopy  and  cockpit  with  respect  to  the  scattering  from  the 
entire  aircraft.  The  measurement  results  for  the  scale 
model  aircraft  were  then  analyzed  and  the  conclusions 
documented.  The  next  logical  step  to  investigate  the 
scattering  from  the  subject  area  was  to  isolate  the 
cockpit/canopy  from  the  aircraft.  To  achieve  this,  a  test 
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body  was  designed,  again,  with  the  chamber  limitations  in 
mind.  After  the  measurement  of  the  test  body,  the  final 
task  was  to  analyze  the  data  and  draw  conclusions  frcm  the 
results . 

Measurement  Matrix 

The  objective  of  the  measurements  is  to  investigate  the 
scattering  from  the  cockpit/canopy  area  relative  to  the 
scattering  from  the  entire  aircraft.  The  following 
paragraphs  discuss  the  measurement  conditions  which  were 
either  required  by  the  ARMS  measurement  procedure  and/or 
appropriate  for  the  research. 

A  thorough  investigation  of  the  angular  dependence  of  the 
scattering  is  outside  the  scope  of  the  study,  therefore  all 
frequency  response  measurements  were  nose-on  and  at  a  zero 
degree  elevation  angle.  All  measurements  were  taken  with 
both  a  vertically  and  horizontally  polarized  incident  field. 
The  frequency  dependence  of  the  scattering  was  within  the 
scope  of  this  study,  however,  the  availability  of  the 
transmit  and  receive  antennas  determined  the  frequency  range 
with  which  the  targets  could  be  measured.  Frequency 
responses  of  the  scale  model  aircraft  performed  at  the  AFIT 
range  were  only  measured  between  8  and  12.4  GHz,  while 
similar  measurements  taken  at  the  Barn  of  any  target  could 
be  in  any  bandwidth  between  2  and  18  GHz.  Frequency 
responses  of  the  test  body  were  taken  from  6  to  18  GHz  at 
both  facilities,  because  wider  bandwidth  anten.  as  became 
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available  for  use  at  the  AFIT  chamber  for  these 
measurements.  The  illuminating  frequencies  for  pattern  cuts 
were  8  GHz  and  10  GHz. 

Two  target  configurations  were  used  to  simulate  a 
perfectly  metallic  and  a  perfectly  transparent  canopy.  The 
metallic  canopy  was  modeled  by  painting  the  canopy  with  the 
same  metallic  paint  used  to  cover  the  target  such  that  the 
cockpit  of  the  target  was  completely  shadowed  from  the 
incident  field.  The  transparent  canopy  was  modeled  by 
simply  removing  the  canopy  from  the  target.  In  this 
configuration,  the  cockpit  was  totally  illuminated.  The 
measurement  conditions  are  summarized  in  the  test  matrix 
shown  in  Figure  5-1. 

Scale  Model  Selection 

The  first  step  in  selecting  a  scale  model  aircraft  was  to 
define  the  requirements  which  would  fully  describe  the 
perfect  target  to  be  measured.  The  next  step  was  to  conduct 
a  tradeoff  between  the  perfect  target  and  the  practical 
considerations  of  readily  available  but  less-than-perfect 
targets . 

The  two  main  criteria  in  selecting  the  scale  model 
aircraft  were  the  size  and  type.  The  type  of  aircraft  was 
selected  from  modern  fighters,  because  their  requirement  for 
situational  awareness  is  typically  satisfied  via  an  exposed, 
bubble-shaped  canopy.  The  F-16A  and  F-15E  fighters  were 
then  chosen.  The  size  of  the  fighter  model  is  clearly 
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Measurement  test  matrix 


Figure  5-1 


limited  by  the  dimensions  of  the  target  zone  of  the  chamber. 
The  target  zone  was  defined  in  chapter  II  as  the  area  in  the 
measurement  chamber  in  which  the  incident  wave  approximated 
a  plane  wave  within  designated  phase  and  amplitude  variation 
standards.  The  target  zone  of  the  AFIT  range  is  centered  on 
the  target  pedestal,  and  is  cylindrically  shaped  with  a 
length  of  3.2  feet  and  a  diameter  of  eight  inches.  In  the 
case  of  the  fighters,  the  wing  span  was  the  limiting  factor. 

The  largest  scale  model  which  could  properly  occupy  the 
target  zone  was  calculated  to  be  approximately  1/46  of  the 
full  size  of  the  target.  The  1/46  scale  model  was  deemed 
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insufficient  to  achieve  the  desired  objective  because  of  the 
following  reasons:  the  length  of  the  cockpit/canopy  on  this 
size  was  only  2.75  inches,  a  model  of  this  particular  scale 
was  not  commonly  available,  and  the  range  resolution  for  a 
frequency  response  between  8  to  12.4  GHz  was  2.6  inches. 
Eased  on  the  above  reasons,  it  was  decided  to  measure  a  1/32 
scale  model  of  the  F-16A  and  F-15E  fighter  aircraft. 

The  scaled  targets  were  built  from  plastic  model  kits, 
and  assembled  in  an  airborne  configuration  without  any 
external  stores  or  weapons.  The  cockpit  of  the  aircraft 
contained  a  removable  seat  and  the  normal  features  found  in 
a  plastic  model  kit,  including  the  Heads-Up  Display  (HUD) . 

If  necessary,  the  kit  was  modified  so  the  canopy/ fuselage 
interface  was  smooth,  and  the  canopy  was  easily  removable 
from  the  fuselage.  Finally,  all  surfaces  of  each  fighter, 
including  the  cockpit,  were  painted  with  metallic  copper 
paint  so  that  the  targets  were  highly  conductive.  The  test 
for  conductivity  was  a  resistance  of  less  than  3  ohms 
between  any  two  points  on  the  target. 

Before  showing  the  measurement  results  of  the  scale  model 
fighters,  the  following  paragraphs  briefly  describe  the 
measurement  procedure  and  decode  the  abbreviated  titles  of 
the  plots.  Although  the  conditions  of  each  measurement  are 
documented  in  the  writing,  the  explanation  is  intended  to 
aid  the  reader  in  examining  the  data. 
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The  AEMS  code  requires  one  array  to  be  filled  for  each  of 
the  following:  reference  target,  reference  target 
background,  target,  and  target  background.  (Recall  the 
option  to  skip  the  target  background  measurement  if  the 
target  background  is  identical  to  the  reference  target 
background.)  For  the  scale  model  measurements,  the 
reference  target  background  and  the  target  background  was  a 
six  inch  styrophoam  column,  so  the  above-mentioned  option 
was  used.  The  option  was  very  important  because  it  allowed 
the  target  configuration  to  be  changed  without  moving  the 
entire  aircraft.  For  example,  a  measurement  run  is  the 
consecutive  measurement  of  the  three  target  configurations 
(without  re-measuring  the  target  background)  by  altering, 
but  not  moving,  the  model  in  the  following  manner.  First, 
the  model  was  measured  with  the  canopy,  then  the  canopy 
carefully  removed  (yielding  the  cockpit  with  a  seat) ,  and 
finally,  the  seat  removed.  All  measurements  were  taken  with 
a  RAM  cap  over  the  target  pedestal. 

Due  to  the  limited  space  available  for  labeling  the 
plots,  the  filename  is  encoded.  The  first  two  letters 
designate  the  target;  the  third  letter  designates  the 
polarization  of  the  incident  field;  the  fourth,  fifth,  and 
sixth  letters  represent  the  target  configuration;  and  the 
seventh  and  eighth  letters  designate  the  measurement  set 
number.  The  targets  are  coded  as  follows:  TA  (1/32  scale 
model  F-16) ,  TB  (1/32  scale  model  F-15) ,  and  TC  (test  body) . 
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The  target  configuration  codes  are:  CAN  (aircraft  with 
canopy  on) ,  SET  (canopy  off;  cockpit  with  seat) ,  and  COC 
(cockpit  without  seat) .  For  example,  the  filename  TAVCAN2B 
is  a  measurement  of  target  TA  (the  1/32  scale  model  F-16) 
with  a  Vertically  polarized  incident  field  and  the  CANopv 
on . 

Measurement  Results 

Although  the  performance  and  accuracy  of  the  AFIT  range 
was  demonstrated  with  validation  measurements,  some 
questions  were  raised  concerning  the  performance  of  the 
system  when  the  target  was  a  complex,  low  level  scatterer, 
such  as  a  small  model  aircraft.  In  particular,  a 
significant  concern  was  the  consistency  of  the  results,  and 
the  repeatability  of  the  measurement  procedure. 

An  extensive  number  of  frequency  response  measurement 
runs  were  performed  to  resolve  this  concern,  and  all  target 
configurations  produced  the  same  conclusions.  Figure  5-2 
shows  the  RCS  for  two  independent  measurements  of  the  F-16 
without  the  canopy  or  seat  in  the  time  domain  and  frequency 
domain.  The  incident  field  is  horizontally  polarized.  The 
frequency  domain  plot  shows  the  general  patterns  are  very 
similar,  as  the  RCS  is  within  2.5  dB  except  where  the  nulls 
are  slightly  shifted  at  11.3  GHz.  This  amount  is 
representative  of  the  error  associated  with  the  placement 
and  mounting  of  the  target. 
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Two  independent  RCS  measurements  of  the  1/32  scale  model 
F-16;  cockpit  without  seat,  horizontal  polarization; 

a)  time  domain  and  b)  frequency  response 
Figure  5-2 
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The  data  in  the  time  domain  also  shows  the  repeatability 
of  the  measurement  procedure.  As  can  be  seen  from  Figure 
5-2a,  however,  the  traces  begin  to  diverge  as  the  number  and 
complexity  of  the  scatterers  which  compose  the  return 
increases.  For  example,  the  traces  are  almost  identical  up 
to  0  nsec,  which  corresponds  to  approximately  65  percent  of 
t.he  length  of  the  model.  Towards  the  rear  of  the  target, 
the  number  of  scatterers  increases  which  results  in  minor 
deviations  between  the  traces.  The  canopy/cockpit  area, 
incidentally,  is  well  within  the  forward  half  of  the  model 
F-16.  The  dominant  scatterers  on  the  target  are  always  in 
close  alignment,  even  beyond  0  nsec,  as  can  be  seen  at  0.5 
nsec  on  Figure  5-2a.  Target  alignment  is  chiefly 
responsible  for  the  minor  differences  in  the  time  domain 
traces . 

The  next  logical  step  is  to  identify  the  scatterers  which 
are  evident  in  the  time  domain  plot  of  the  RCS.  To  aid  in 
the  analysis,  a  template  of  the  target  is  overlayed  on  the 
time  domain  plot  of  the  target's  RCS.  The  template  is,  of 
course,  scaled  and  positioned  to  correspond  to  the  target's 
actual  downrange  position  in  the  chamber.  A  time  gate  from 
-2.0  to  1.0  nanoseconds  is  applied  to  the  F-16  data  to 
eliminate  the  returns  not  caused  by  the  target.  The 
template,  shown  in  Figure  5-3,  indicates  the  scattering  from 
the  nose  of  the  F-16  occurs  at  -1.85  nsec  with  respect  to 
the  center  of  the  reference  target,  and  similarly. 
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Template  for  time  domain  analysis  of  1/32  scale  F-16 

Figure  5-3 

scattering  from  the  tail  of  the  F-16  corresponds  to  1.05 
nsec  from  the  center  of  the  reference  target. 

F-16.  8  to  12.4  GHz,  horizontal  polarization.  AFIT.  The 
first  target  to  be  analyzed  is  the  1/32  scale  F-16  (TA)  with 
a  horizontally  polarized  incident  field.  The  next  three 
figures  (Figures  5-4  through  5-6)  show  the  RCS  for  each  of 
the  three  targer  configurations  in  the  time  domain  and 
frequency  domain.  The  following  paragraphs  refer  to  the 
time  domain  plots  for  each  target  configuration. 

The  first  scatterer  in  all  three  measurements  is 
unmistakenly  due  to  the  nose  of  the  target.  The  -55  dBsm 
level  of  the  return  is  comparable  to  the  RCS  of  a  similarly 
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dimensioned  cone,  and  the  time  of  the  return,  -1.75  nsec, 
closely  corresponds  to  the  downrange  location  of  the  nose. 

The  next  resolvable  return  for  each  configuration  is 
close  in  temporal  location  but  different  in  magnitude.  The 
return  does  not  occur  at  the  calculated  location  of  the 
front  of  the  canopy,  -1.3  nsec,  as  one  might  expect. 

Instead,  the  return,  occuring  at  -1.0  nsec  for  the  CAN 
configuration,  -0.97  nanoseconds  for  the  COC  configuration, 
and  -0.9  nsec  for  the  SET  configuration,  is  most  likely  due 
to  the  engine  inlet  which  is  located  directly  beneath  the 
center  of  the  canopy.  Because  the  range  resolution  for  a 
freguency  response  from  8  GHz  to  12.4  GHz  is  only  2.6  inches 
(see  page  36),  the  te  iporal  differences  in  the  target 
configurations  cannot  be  resolved  from  the  dominant 
scattering  of  the  engine  inlet.  The  result  is  that  the 
subject  return  for  each  configuration  is  slightly  skewed 
about  the  temporal  location  of  the  scattering  from  the 
engine  inlet.  The  magnitude  of  the  returns  are  the  only 
distinguishing  feature  of  the  three  target  configurations. 

The  configuration  which  caused  the  highest  return,  not 
surprisingly,  was  SET  (the  cockpit  with  the  seat) ,  because 
the  seat  was  directly  illuminated  by  the  incident  field.  A 
notable  observation,  however,  is  that  the  canopy  caused  a 
larger  return  than  the  empty  cockpit.  The  RCS  at  roughly 
the  center  of  the  canopy  for  the  SET,  CAN,  and  COC 
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RCS  of  1/32  scale  F-16  with  canopy,  horizontal 
polarization;  a)  time  domain  and  b)  frequency  response 

Figure  5-4 
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RCS  of  1/32  scale  F-16,  cockpit  with  seat,  horizontal 
polarization;  a)  time  domain  and  b)  frequency  response 

Figure  5-5 
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RCS  of  1/32  scale  F-16,  cockpit  without  seat,  horizontal 
polarization;  a)  time  domain  and  b)  frequency  response 

Figure  5-6 


configurations  are  -35  dBsm,  -37  dBsm,  and  -39  dBsm, 
respectively.  The  trend  of  the  magnitude  of  the  returns  for 
the  three  configurations  was  not  discernible  from  the 
frequency  response  plots. 

The  final  return  of  interest  occurs  at  -0.45  nanosec  with 
a  magnitude  of  -32.5  dBsm.  This  return  is  independent  of 
the  target  configuration  and  is  believe  to  be  a  result  of 
the  scattering  from  the  end  of  the  engine  inlet  cavity. 

In  summary,  for  a  horizontally  polarized  incident  field, 
little  information  regarding  the  scattering  from  the 
canopy/cockpit  area  of  the  F-16  model  was  gained.  This  is 
primarily  because  the  electric  field  was  aligned  with  and 
scattered  from  the  horizontally  oriented  and  oblong-shaped 
engine  inlet,  thus  obscuring  the  electromagnetic  view  of  the 
subject  area.  Also,  the  range  resolution  of  the  AFIT  chamber 
was  inadequate  to  separate  the  scatterers  in  the  different 
target  configurations.  It  was  confirmed,  however,  that  the 
cockpit  with  the  seat  is  a  dominant  scatterer,  while  it  was 
learned  that  the  canopy  scatuered  more  (2  dB)  than  the  empty 
cockpit.  Although  little  was  learned  about  the  scattering 
from  the  canopy/cockpit,  the  conclusion  is  useful 
information  in  the  context  of  the  entire  model  aircraft. 

The  next  task  was  to  perform  an  identical  set  of 
measurement  runs  at  the  AFIT  far-field  measurement  range  to 
investigate  the  scattering  from  the  subject  area  with  a 
vertically  polarized  incident  field.  In  the  same  format  as 
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with  the  preceding  horizontally  polarized  measurements,  the 
data  is  provided  in  a  series  of  six  plots  (Figure  5-7 
through  5-9) .  As  before,  the  nose  of  the  aircraft  is  the 
first  resolvable  scatterer  based  on  the  temporal  location 
and  magnitude  of  the  response.  The  level  is  almost  4  dB 
lower  than  the  same  measurement  with  a  horizontally 
polarized  field.  The  difference  is  caused  by  the  asymmetry 
in  the  nose  of  the  aircraft. 

An  interesting  observation  is  that  the  discontinuity 
caused  by  the  intersection  of  the  fuselage  and  the  front  of 
the  canopy  is  now  apparent.  The  peaks  which  occur  at 
approximately  -1.3  nanoseconds  in  all  three  configurations 
correspond  to  this  point.  As  in  the  previous  case,  the  seat 
configuration  is  the  dominant  scatter,  but  the  empty  cockpit 
now  scatters  more  than  the  canopy  by  at  least  6  dB,  as  one 
might  expect.  Figure  5-10  shows  the  time  domain  returns  for 
the  three  target  configurations  on  one  plot. 

Another  unexpected  result  occurs  at  -0.7  nsec  which 
corresponds  to  the  discontinuity  caused  by  the  intersection 
between  the  back  of  the  canopy  and  the  fuselage. 

Significant  scattering  occurs  with  the  canopy,  possibly  via 
a  traveling  wave  propagating  from  the  front  of  the  canopy  to 
the  back.  Also,  the  scattering  from  the  end  of  the  engine 
inlet  cavity,  which  was  so  dominant  with  the  horizontally 
polarized  field,  is  not  present. 
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RCS  of  1/32  scale  F-16  with  canopy,  vertical 
polarization;  a)  time  domain  and  b)  frequency  response 

Figure  5-7 
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RCS  of  1/32  scale  F-16,  cockpit  with  seat,  vertical 
polarization;  a)  time  domain  and  b)  frequency  response 

Figure  5-8 
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RCS  of  1/32  scale  F-16,  cockpit  without  seat,  vertical 
polarization;  a)  time  domain  and  b)  frequency 

response 
Fi'^ure  5-9 
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Figure  5-10 


The  effect  of  the  polarization  of  the  incident  field  is 
significant  and  beneficial  to  the  objective  of  this  thesis. 
The  benefit  is  two-fold.  Not  only  is  the  scattering  from 
the  canopy/cockpit  area  more  apparent,  but  the  undesirable 
scatterers  on  the  model,  such  as  the  engine  inlet  and 
cavity,  appear  to  scatter  less.  The  measurement  runs  of  the 
other  targets  in  this  effort  are  only  analyzed  for  the  case 
of  a  vertically  polarized  incident  field  based  on  the  merits 
of  thi  conclusion. 

One  solution  to  the  problems  associated  with  measuring 
the  relatively  small  scale  model  aircraft  at  the  AFIT  range 
was  to  measure  an  aircraft  with  a  larger  canopy/cockpit. 
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such  as  the  F-15E.  The  results  and  conclusions,  hov;ever, 
'.vere  very  similar  to  those  for  the  F-16,  with  one  exception. 
The  difference  in  the  magnitude  of  the  scattering  between 
either  cockpit  configuration  and  the  scattering  from  the 
canopy  configuration  at  the  temporal  location  of  the  seat 
was  significantly  higher  than  the  same  location  on  the 
F-16.  Nearly  a  20  dB  difference  is  very  clear  in  the  time 
domain  plot  shown  in  Figure  5-11. 
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Time  domain  view  of  RCS  of  1/32  scale  F-15,  three 
target  configurations,  vertical  polarization 

Figure  5-11 


To  further  investigate  the  scattering  of  the 
canopy/cockpit  area,  the  1/32  scale  F-16  and  F-15  models 
were  measured  at  the  Barn,  which  is  capable  of  a  broader 
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frequency  coverage  and  better  time  domain  resolution.  Given 
the  information  obtained  thus  far,  the  scenario  measured  at 
the  Barn  was  selected  to  produce  the  besr  opportunity  to 
observe  scattering  from  the  subject  area.  Based  on  the 
lessons  learned  from  the  scale  model  meiasurements  taken  at 
the  AFIT  chamber,  it  was  decided  to  concentrate  on 
measurements  of  the  F-15  from  2  GHz  to  18  GHz  with  a 
vertically  polarized  incident  field.  (Measurements  were 
also  taken  from  8  GHz  to  12.4  GHz  for  validation  purposes; 
these  yielded  the  same  results  obtained  at  AFIT) . 

F-15.  2  to  18  GHz,  vertical  polarization,  the  Barn.  As 
before,  the  three  target  configurations  were  measured,  and 
the  time  domain  and  frequency  response  plots  for  each 
configuration  are  provided  in  Figure  5-12  through  Figure 
5-14.  A  template  of  the  model  is  overlayed  on  selected 
plots  to  aid  in  viewing  the  data. 

The  general  conclusions  are  the  same  as  those  drawn  from 
the  AFIT  measurements;  the  SET  configuration  yields  the 
strongest  scattering,  followed  by  the  COC  and  CAN 
configurations,  respectively.  The  difference,  however,  is 
that  the  range  resolution  of  the  Barn  facility  provides  more 
detailed  information  on  which  to  base  and  defend  the 
conclusions.  Recall  that  the  AFIT  time  domain  measurement 
of  the  F-15  (Figure  5-11)  yielded  only  one  peak  v;hich 
distinguished  the  three  target  configurations.  As  can  be 
seen  from  the  time  domain  plots,  there  are  many  scatterers 


which  contribute  to  the  overall  return  and  can  be  isolated 


for  further  analysis. 

The  first  task  is  to  identify  the  causes  of  the  najor 
peaks  which  occur  in  the  region  of  interest.  The  front  and 
back  of  the  cockpit  define  this  region,  which  extends  from 
-1.8  nsec  to  -0.9  nsec,  respectively.  By  observing  the 
effect  that  changing  the  target  configuration  has  on  the 
amplitude  of  a  peak,  and  knowing  the  temporal  location  which 
corresponds  to  the  physical  position  of  suspect  scatterers, 
the  significant  contributors  can  be  identified.  For  a 
complex  target  such  as  an  aircraft,  care  must  be  exercised. 

A  radar  return  could  be  the  result  of  multiple  reflections, 
resulting  in  a  time  domain  peak  that  does  not  correspond  to 
the  downrange  position  of  a  specific  scatterer. 

There  are  five  scatterers  which  produce  significant 
returns  in  the  region  of  interest.  The  first  scatterer  is 
the  discontinuity  formed  by  the  front  of  the  canopy.  The 
return  from  this  scatterer  is  identical  for  the  SET  and  COC 
configurations,  but  is  significantly  reduced  in  the  CAN 
configuration.  The  next  two  scatterers  share  the  same 
downrange  distance  which  corresponds  to  -1.6  nanoseconds. 

The  first  of  these  occurs  in  the  CAN  configuration  and  is 
due  to  the  discontinuity  caused  by  the  junction  between  the 
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Barn  measurement  of  RCS  of  1/32  scale  F-15,  with  canopy, 
vertical  polarization;  a)  time  domain  and  b)  frequency 

response 
Figure  5-12 


Barn  measurement  of  RCS  of  1/32  scale  F-15,  cockpj.t  with 
seat,  vertical  polarization;  a)  time  domain  and 
b)  frequency  response 
Figure  5-13 
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Barn  msasursment  of  RCS  of  1/32  seals  F~15,  cockpit  without 
seat,  ver-' ical  polarization;  a)  time  domain  and  b)  frequency 

response 
Figure  5-14 
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two  pieces  which  compose  the  canopy.  The  other  scatterer  at 
-1.6  nsec  occurs  in  either  cockpit  configuration  and  is  the 
most  dominant  scatterer  on  the  model.  In  both 
configurations,  the  Head  Up  Display  (HUD),  is  illuminated. 
The  peak  from  the  HUD  is  very  clear  in  Figures  5-13  and 
5-14  at  -1.6  nsec.  The  next  contributor  is  the  seat. 
Clearly,  the  negative  and  positive  peaks  at  approximately 
-1.3  nsec  of  Figure  5-13  and  5-14  are  directly  influenced  by 
the  presence  (or  absence)  of  the  seat.  Finally,  the  back  of 
the  cockpit  scatters  in  much  the  same  way  as  the  front  of 
the  cockpit.  (Note  that  the  amplitude  of  the  impulse 
response  is  dimensionless.  This  is  a  result  of  the 
processing. ) 

The  frequency  response  plots  of  complex  targets  are  much 
more  difficult  to  analyze  and  identify  meaningful  trends 
because  the  RCS  of  a  complex  target  is  a  complicated 
function  of  frequency.  For  example,  by  comparing  the 
frequency  responses  for  the  SET  and  COC  configurations,  it 
is  almost  impossible  to  determine  which  configuration 
scatters  the  most.  The  correct  answer  for  this  complex 
target,  which  is  demonstrated  in  the  data,  is  that  either 
can  be  the  stronger  scattering  configuration  depending  upon 
the  frequency.  One  conclusion  which  could  be  determined 
from  the  frequency  response  data  is  that  the  SET 
configuration  scatters  more  than  the  CAN  configuration,  as 
the  SET  magnitude  is  always  greater  or  ecpaal  to  the 
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magnitude  from  the  CAN  configuration.  The  difference  in 
magnitude  and  the  amount  contributed  by  a  specific 
contributor,  however,  cannot  be  precisely  determined  from 
the  total  aircraft's  frequency  response. 

To  summarize  the  measurements  of  the  1/32  scale  models, 
the  F-16  and  F-15  were  measured  as  described  in  the  test 
matrix  shown  in  Figure  5-1.  The  models  were  first  measured 
at  the  AFIT  range  from  8  GHz  to  12.4  GHz,  where  it  was 
discovered  that  a  vertically  polarized  incident  field 
scattered  from  the  canopy/cockpit  area  more  than  a 
horizontally  polarized  incident  field.  The  limited  success 
at  the  AFIT  facility  was  due  to  the  limited  bandwidth  and 
small  target  size.  Based  on  that  experience,  and  to 
increase  the  probability  of  obtaining  better  data,  it  was 
decided  to  emphasize  measurements  of  the  larger  model 
(F-15)  with  the  widest  possible  bandwidth  (2  GHz  to  18  GHz) 
and  a  vertically  polarized  incident  field. 

Test  Body  Approach 

This  phase  of  the  study  examines  the  scattering  from  the 
canopy/cockpit  area  by  physically  isolating  the  subject  area 
via  a  test  body.  There  were  two  reasons  and  benefits  for 
doing  this.  First,  the  size  of  the  canopy/cockpit  would  be 
larger  than  that  of  the  scale  model  because  only  the 
canopy/cockpit  needed  to  fit  in  the  target  zone.  This 
reduces  the  limitations  imposed  by  the  range  resolution. 
Another  benefit  of  increasing  the  size  of  the  test  area  is 
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an  increased  effective  illuminating  frequency.  The 
effective  illuminating  frequency  is  the  frequency  which 
would  illuminate  a  full  scale  target  in  the  'real  world'  if 
the  ratio  between  the  length  of  the  test  wavelength  and  test 
target  is  maintained.  The  second  reason  is  that  the  purpose 
of  the  test  body  is  to  physically  isolate  the 
canopy/cockpit,  thus  eliminating  other  scattering  mechanisms 
which  are  not  of  interest. 

The  three  major  design  criteria  for  the  test  body  were 
that  it:  1.  have  a  very  low  monostatic  RCS  (forward 
direction  only),  2.  accurately  model  the  canopy  and 
canopy/fuselage  interface  of  the  F-16  or  F-15  aircraft,  and 
3.  allow  the  test  area  (canopy/cockpit  area)  to  fit  within 
the  confines  of  the  quiet  zone  of  the  AFIT  chamber.  The 
canopy  had  to  be  removable  so  a  cockpit  could  be  measured. 
The  following  paragraphs  address  the  design  criteria  in 
further  detail. 

In  anticipation  of  the  acquisition  and  installment  of  the 
broadband  antennas  (6  GHz  to  18  GHz),  the  test  area  had  to 
fit  in  the  quiet  zone  for  a  frequency  of  18  GHz.  (The 
highest  frequency  dictates  the  target  zone.)  The  target 
zone  was  defined  in  Chapter  II  for  this  frequency  as  a 
cylinder  of  length  3.2  feet  and  diameter  7.22  inches 
centered  on  the  target  pedestal.  Since  the  cross-range 
extent  of  the  target  zone  was  obviously  the  dimension  which 
would  limit  the  size  of  the  test  area,  the  maximum  width  of 
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the  canopy  was  also  restricted  by  this  dimension.  The 
actual  dimensions  of  an  F-16  canopy  were  obtained  and  it  was 
determined  that  a  1/5  scale  canopy  would  just  fit.  A  canopy 
of  this  scale  was  not  readily  available;  however,  a  spare 
canopy  from  a  1/10  scale  model  F-16  was  obtained  from  the 
Air  Force  Orientation  Group  (AFOG)  at  the  Defense  Electronic 
Supply  Center  (DESC)  in  Kettering  OH.  Regarding  the  third 
design  criteria,  the  task  was  reduced  to  simply  building  a 
test  body  which  would  allow  the  canopy/cockpit  area  to  fit 
in  the  target  zone.  Since  the  target  zone  and  canopy  are 
oblong  shapes,  it  was  natural  to  shape  the  test  body  in  a 
similar  fashion.  In  fact,  the  shape  of  the  test  body  was 
designed  from  the  actual  dimensions  of  the  fuselage  of  an 
F-16.  (This  is  explained  further  in  the  discussion  of  the 
second  design  criteria.)  The  baseline  test  body  v;as  then 
modified  to  meet  the  low  RCS  design  criteria. 

The  first  design  criteria  was  that  the  test  body  have  a 
very  low  frontal  RCS.  This  meant  that  edges,  rough 
surfaces,  discontinuities,  changes  in  the  radii  of 
curvature,  and  other  sources  of  scattering  had  to  be  kept  to 
a  minimum,  especially  near  the  canopy.  The  front  of  the 
cylindrically-shaped  test  body  was  smoothed  to  a  pointed 
cone,  and  the  back  of  the  test  body  was  rounded  to  a 
hemisphere.  The  radius  of  the  test  body  was  designed  as 
small  as  possible  without  forcing  a  drastic  change  in  the 
curvature  of  the  surface  at  some  other  point  on  the  test 
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body.  The  surface  of  the  test  body  immediately  surrounding 
the  canopy  was  kept  as  smooth  and  consistent  as  possible. 
Only  at  a  distance  of  several  wavelengths  from  the  front  and 
back  of  the  canopy  did  the  shape  begin  to  change  to  the 
cone,  and  hemisphere,  respectively.  The  entire  test  body 
was  painted  with  conductive  silver  paint  which  was  acquired 
from  Spray  Lat  Corporation  in  Mount  Vernon,  NY.  An  ohmmeter 
was  used  to  make  sure  the  surface  was  uniform  and  never 
above  two  or  three  ohms  between  any  two  points  on  the  test 
body . 

The  second  criteria  was  that  the  shape  of  the  canooy  and 
the  canopy/fuselage  interface  be  as  accurate  as  possible. 

As  previously  mentioned,  the  canopy  for  the  test  body  was  an 
actual  canopy  from  a  1/10  scale  model  (very  accurate) ,  and 
the  test  body  was  designed  from  the  fuselage  dimensions  of 
an  F-16,  and  then  altered.  The  accuracy  of  the  shape  of  the 
canopy/fuselage  interface  was  maintained  within  a  perimeter 
surrounding  the  canopy  for  as  long  a  distance  as  the  test 
body  would  permit.  The  top  and  side  views  of  the  test  body 
are  shown  in  Figure  5-15. 

The  dashed  line  indicates  the  perimeter  in  which  the 
shape  of  the  F-16  fuselage  was  maintained.  Beyond  the 
perimeter,  the  shape  was  altered  to  meet  the  other  design 
criteria  of  the  test  body.  Ideally,  at  the  lowest 
frequency,  the  shape  of  the  F-16  fuselage  should  be  accurate 
for  at  least  several  wavelengths  all  around  the 


83 


Test  body 
Figure  5-15 


canopy/fuselage  interface.  This  distance  was  achieved  at 
Che  front  and  back  of  the  canopy.  .  ^wever,  the  narrow  width 
of  the  target  zone  did  not  permit  the  same  distance  for  the 
perimeter  •-  '  the  sides  of  the  canopy.  At  the  sides,  the 
perimeter  extends  one  inch  beyond  the  canopy/ fuselage 
interface,  which,  at  6  GHz,  is  approximately  half  of  a 
wavelength.  The  discontinuity  caused  by  the  removable 
canopy  was  minimized. 


On  the  other  nand,  no  attempt  was  made  to  duplicate  the 
cockpit  of  the  F-16,  and  the  SET  configuration  was  not 
required  to  be  measured.  The  cockpit  was  a  simple  cavity 
with  the  same  gross  dimensions  as  the  actual  cockpit. 

There  were  also  considerations  driven  by  measurements 
v/hich  affected  the  design.  The  test  body  v/as  to  be  mounted 
with  a  sting  mount,  which  supports  the  target  from  the  rear 
and  projects  the  test  body  in  front  of  the  target  pedestal. 
The  benefit  of  this  mounting  scheme  is  that  a  time  gate  can 
be  used  which  passes  the  return  from  the  target  '.vhile 
omitting  the  scattering  from  the  target  pedestal.  Because 
the  target  was  in  front  of  the  target  pedestal,  the  test 
body  had  to  be  under  ten  pounds. 

Measurement  Results 

For  the  test  body  measurements,  there  are  two  target 
configurations.  These  simulate  the  extreme  cases  of  a 
metallic  and  transparent  canopy.  The  SET  configuration  is 
not  considered.  All  measurements  presented  in  this  section 
use  a  vertically  polarized  incident  field  (for  the  same 
reasons  cited  for  the  scale  models) ,  although  the  test  body 
was  measured  with  a  horizontally  polarized  incident  field  at 
both  facilities.  The  frequency  range  was  6  GHz  to  18  GHz. 

The  test  body  measurements  taken  at  the  Ba'»‘n  of  the  CAN 
and  COC  configurations  are  shown  in  Figure  5-16  and  Figure 
5-17,  respectively.  The  benefits  alluded  to  earlier  of 
measuring  the  test  body  are  now  apparent.  The  relatively 
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sparse  returns  attest  to  the  success  of  isolating  the 
canopy/cockpit.  The  spikes  in  Figure  5-16a  correspond  to 
the  discontinuities  shown  by  the  template.  The  peak  at 
-40  nsec,  however,  is  not  associated  with  any 
discontinuity.  It  is  due  possibly  to  a  flaw,  or  non¬ 
uniformity  in  the  paint  job.  Another  benefit  of  the  test 
body  is  the  larger  magnitude  of  the  returns.  It  is  apparent 
by  viewing  the  frequency  response  data  than  the  COC 
configuration  is  approximately  5  dB  to  10  dB  higher  than  the 
CAN  configuration.  Of  course,  these  frequency  response 
plots  contain  many  undesired  signals.  A  time  gate  can 
easily  be  applied  to  isolate  the  desired  canopy/cockpit 
scattering  from  the  undesired  signals.  (This  isolation  was 
not  possible  in  the  measurements  of  the  F-16  and  F-15 
models.)  A  time  gate  from  -6.0  nsec  to  -2.0  nsec  is  applied 
to  the  data,  and  the  resulting  time  domain  and  frequency 
response  data  is  provided  in  Figure  5-18  and  Figure  5-19  for 
the  CAN  and  COC  configurations,  respectively. 

At  the  lower  frequencies,  the  COC  configuration  is 
scattering  up  to  20  dB  more  than  the  CAN  configuration.  The 
disparity  lessens  as  the  frequency  is  increased,  but  is  at 
least  10  dB  until  about  14  GHz,  or  approximately  two  thirds 
of  the  plot. 

To  investigate  this  further,  the  CAN  configuration  was 
measured  from  2  GHz  to  18  GHz.  The  time  domain  and 
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Barn  RCS  measurement  of  test  body;  with  canopy,  vertical 


polarization;  a)  time  domain  and  b)  frequency  response 


Figure  5-16 
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Barn  RCS  measurement  of  test  body;  cockpit,  vertical 
polarization;  a)  time  domain  and  b)  frequency  response 

Figure  5-17 
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Barn  RCS  measurement  of  test  body  with  a  time  gate  (-6  to 
-2  nsec) ,  canopy,  vertical  polarization;  a)  time  domain  and 

b)  Frequency  Response 
Figure  5-18 


frequency  response  of  this  measurement  are  shown  in  Figure 
5-20.  Notice  the  significant  amount  of  energy  between  2  GHz 
and  6.5  GHz.  The  cause  of  the  low  frequency  energy  appears 
to  be  the  large  spike  which  occurs  at  approximately  0.25 
nsec  in  the  time  domain  plot.  (In  comparing  the  same 
measurement  from  6  to  18  GHz  (Figure  5-16a) ,  the  scattering 
at  0.25  nsec  is  present,  but  not  nearly  as  strong.)  This 
scatterer  occurs  well  beyond  the  temporal  location  of  the 
test  body,  and  is  therefore  not  caused  by  any  direct 
scattering  from  the  test  body.  The  next  concern  is  to 
identify  the  reason  for  this  scattering.  Based  on  the 
temporal  location,  the  scattering  may  be  a  direct  return 
from  the  sting  mount,  or  could  be  related  to  energy  creeping 
around  the  rear  of  the  test  body.  This  energy  could  proceed 
directly  back  to  the  observer,  or  intercept  the  target 
pedestal  which  would  cause  additional  scattering.  Whatever 
the  cause  of  the  return,  it  is  of  absolutely  no  interest  to 
this  study. 

The  measurements  of  the  test  body  were  also  taken  at  the 
AFIT  chamber,  with  both  polarizations  and  a  frequency  range 
of  6  GHz  to  18  GHz.  Despite  the  relative  complexity  of  the 
target  and  the  data  processing,  the  results  are  amazingly 
similar,  as  seen  in  Figure  5-21.  This  figure  shows  the 
frequency  responses  taken  at  each  facility  of  the  test  body 
without  a  canopy.  (Figure  5-2 la  is  a  repeat  of  Figure 
5-19b.)  The  patterns  and  levels  are  virtually  identical. 
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Barn  measurement  of  test  body  with  canopy,  2  to  18  GHz, 
vertical  polarization;  a)  time  domain  and  b)  frequency 

response 
Figure  5-20 
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The  only  difference  between  the  measurements  is  the  depth  of 
the  nulls,  which  is  greater  at  the  Barn  because  of  the 
greater  sensitivity.  Target  alignment,  however,  is  always  a 
possibile  source  of  error. 

The  1/10  scale  factor  of  the  test  body  can  be  used  to 
approximate  the  level  of  scattering  from  a  full  scale 
canopy/cockpit.  The  level  of  scattering  from  a  full-scale 
target  is  roughly  -20*log (scale  factor)  dB  higher  than  the 
scaled  target.  Thus,  for  a  scale  factor  of  1/10,  the  full 
scale  vehicle  would  scatter  20  dB  higher  than  the  1/10  scale 
model.  For  example,  Figure  5-16b  indicates  the  magnitude  of 
the  return  for  the  1/10  scale  canopy  at  slightly  past  12  GHz 
is  -35  dBsm.  The  magnitude  of  the  return  from  a  full  scale 
canopy,  then,  would  be  -15  dBsm.  As  previously  mentioned, 
the  COC  configuration  is  scattering  10  to  20  dB  higher  than 
the  CAN  configuration.  Obviously,  the  difference  in 
scattering  between  the  same  configurations  on  a  full  scale 
aircraft  would  still  be  10  to  20  dB.  Of  course,  the  full 
scale  vehicle  is  a  much  more  complicated  geometry  than  the 
relatively  simple  geometry  of  the  test  body. 
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Conclusion 


The  problem  statement  for  this  thesis  was  twofold; 
consequently,  observations  and  recommendations  for  each  task 
are  given  separately. 

AFIT  Chamber  Upgrade 

As  stated  earlier,  the  first  task  was  to  complete  the 
automation  of  the  AFIT  RCS  measurement  range.  Mew  software 
was  needed  to  control  recently  acquired  microwave  hardware. 
The  new  hardware  had  certain  new  capabilities  which  the 
controlling  software  exploited.  A  software  package,  called 
ARMS  (AFIT  Radar  Cross  Section  Measurement  Software)  was 
generated  which  not  only  achieved  the  objectives  defined  at 
the  onset  of  the  thesis,  but  was  flexible  enough  to  allow 
for  continual  change  and  improvement.  The  measurement 
procedure  produces  excellent  results,  as  evidenced  by  the 
w^mparisor.  .. ith  mcosi.rjments  from  the  WRDC  anechoic 
chamber.  As  with  any  project  involving  software,  however, 
the  number  of  possible  improvements  is  seemingly  endless. 

Most  of  the  recommenaations  for  improving  the  .A^MS  code 
involve  features;  that  is,  the  ability  to  process  and 
display  the  data.  For  a  pattern  cut,  a  relatively  easy 
improvement  would  be  to  let  the  user  select  the  start  and 
stop  angles,  and  the  resolution  of  the  data.  A  convenient 
(and  legitimate)  improvement  would  be  to  permanently  store 
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the  background  nedsurenent  in  a  l  ile  v;hichi  >cuu  l  i 
at  any  time.  Another  improvernent  v.'culd  be  to  i:  :  _  ■ 

to  set  the  start  and  stop  times  of  the  gate,  as  oppoh'*  -  i  i; 
selecting  a  gate  center  and  gate  span. 

Canopv/Cockpit  Measurements 

The  second  task  was  the  investigation  of  the  effect  c!  i 
metallic  versus  a  transparent  canopy  on  the  total  RCS  oi  Ci 
aircraft.  The  scattering  from  these  extreme  canopies  v/  is 
investigated  by  measuring  a  scaled  version  of  a  rcalii-tic 
canopy  which  was  removable  from  the  target. 

The  scale  model  measurements  revealed  a  small  but 
measurable  difference  in  the  R'^S  of  the  two  con  f  i  gu  re.  t  ;  cn.s  . 
The  metallic  canopy  scattered  less  than  a  transparent 
canopy,  which  was  simulated  by  an  exposed  cockpit.  In  ties 
context  of  the  entire  aircraft,  the  frequency  responses  oi 
the  aircraft  models  were  close,  as  each  may  be  higher  or 
lov;er  depending  on  the  frequency. 

The  secondary  objective  was  to  investigate  the  scattering 
from  just  the  canopy/cockpit,  without  the  complications  of 
the  scattering  from  the  rest  of  the  aircraft.  As  expoct^d, 
the  difference  in  the  RCt>  between  the  two  configurations  v.  u 
demonstrated  more  clearly.  There  was  a  10  to  20  dH  clrnuj; 
between  the  CAN  and  COC  configuration.  Obvioulcy,  tiu: 
difference  in  RCS  of  these  two  configurations  on  a  full- 
scale  version  of  this  test  canopy  would  still  be  10  to  20 
dB. 
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There  is  interest  and  value  in  learninq  r.orc  .ibcut  this 
sutaiect.  While  the  results  ot  the  neasurenent  portion  of 
th'^  ,nesis  effort  nay  or  nay  not  be  surprising,  they  Jo 
define  the  upper  and  lower  bounds  on  the  scatteririg,  and 
present  the  limitations  and  benefits  of  the  various 
approaches.  Further  work  should  investigate  materials  and 
emphasize  different  levers  of  conductivity  of  the  canopy, 
opposed  to  the  two  extreme  cases  studied  here.  Other 
ooss ibil ities  include  determining  the  effect  of  different 
canopy  constructions  on  the  RCS  of  the  canopy. 
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2140  OUTPUT  iNuia:"FGRH3;OUTPDATA'’ 

2150  ENTER  «Nua  aataiPreaxiole.Si  re.Bko t r (  •  > 

2180  OUTPUT  iNua:"AVEROFF:GATEOFF” 

2170  Ir-i 

2180  OUTPUT  lNua;"HOLD:” 

2190  OUTPUT  ANua: "£08113 iINPURAW" 

2200  OUTPUT  iNii)a_cata;Preaiaoie.Si re .Cal_tgt2(*) 

2210  BEE? 

2220  C^LL  2  .'_"ienii<_Fm  in  .?  nax  ,.-ol  .Cal_tgt2<*>  .Dates  .  Pre_gateS  .  Re  tar  n> 

2230  -r  ^etarn-l  .  hE'i  GI'I  f.ei.' 

_ 1-  r-.etarn-j  U^TO  Sane 

2250  CA'_a  Ciear_c7t 
2250  OLBEND 
2270  ' 

1230  '  'HIS  CL'EROUTTNE  IS  A  -‘EhdER  '‘'R  BOTH  THE  FREQUENCY  RESPONSE  AND  PATTERN 

,U’  Ri.-rRE.’iCp  .'ASGE”  £aC1  GROUND  MEASUREMENTS. 

-;L’'  ■  -e  •  r- T_“-7  r Hia  =  u.renen*i.  > 

-220  I'  ■‘Aaiurenenti'"?.-"  T-E‘) 

--3U  --;N^  "  ■  .e  spnere  t"easurenent  is  complete. 

2-'H0  ;z-i.  ■'  ,;o.  rttacv  to  neasare  tne  sonere  oaci  eroanc . " 

'^C,t  z  ~  ~ 

- •  I '  -  .... 

^  wC  u  “  - 

2170  :_:e 
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2380 

=  RINT  ■■ 

Put  out  the  spnere 

oacK  grouna . " 

2390 

pgiNT 

2400 

^RINT  " 

Are  the  antennas  aiignea  tor 

'.PoiS,"  ^oiariiation? 

2410 

PRINT 

2420 

PRINT  "" 

2430 

ELD  I" 

2440 

PRINT  ■■ 

:tit  CCNYINUE  unen  you  are 

reaay . ” 

2450 

PAUSE 

2460 

CALL  Clear  crt 

2470 

PRINT  "" 

2480 

PRINT 

2490 

PRINT  " 

"  :  CHR5( 1 30 > : "Measur ing 

' :  CHR5 ( 1 23 ) : “ t he  spnere 

cic  groanc .  " 

2500  SUBEND 
2510  ! 

2520  :  MIS  SU5S0UTINE  ?E=FaRt1S  SLL  THE  FREQUENCY  RESPONSE  YEASURE“ENTS .  ‘M 

SET-U?  OF  THE  CHAMBER  IS  PASSED  VIA  THE  ARRAY  CALLED  'Datao  . 

2530  ' 

2540  SUB  Measured Data< *). Aver .Sueepi) 

2550  OPTION  BASE  1 

2560  INTEGER  Preamoie  .Si  ze 

2570  ASSIGN  SNua  70  716 

2580  ASSIGN  4Nuia_ciata  TO  718:FQRMAT  OFF 

2590  QUTPUY  4Nua:"AVER0N;".Aver 

2600  IF  Sweeps- "RAMP"  THEN  OUTPUT  -Nua: "NUMG : " . Aver- 1 

2610  OUTPUT  ^'Nua: "FORMS lOUTPOATA" 

2620  ENTER  SNuia  data:Preanoie.Size.Data<») 

2630  OUTPUT  SNua; "AVEROFF ; " 

2640  CALL  Clear_crt 
2650  SUBEND 
2660  1 

2670  '  THIS  SUBROUTINE  IS  A  HEADER  FOR  THE  FREQUENCY  RESPONSE  TARGET 

MEASUREMENT. 

2680  ' 

2690  SLB  Target_Har< BckS) 

2700  CALL  C.ear_crt 

2710  IF  3ck$-"N"  OR  BcitS-""  'HEN  GOTO  2740 

2720  PRINT  "  The  target  background  measurement  is  conoiete. 

2730  PRINT  "" 

2740  PRINT  '■  Get  ready  to  measure  the  target." 

2750  PRINT  "  Press  CONTINUE  unen  ready." 

2760  PAUSE 

2770  CALL  C:9ar_cr: 

2730  PRINT  "" 

2790  P'^IN'  "" 

2300  “R_NT  "  "  :  CHRS  (  1  30  )  :  "Measur  1  ng  '':CHR5<12S> 

“le  tarce  :  .  ' 

2810  :..£e:iD 

->  n  n  « 


2330  !  '-IS  GUEROUTT.'.E  IC  A  -.EaDE?  "OR  BOTH  THE  FREQUENCY  RESPONSE  AND  PATTE 

■  '“  =  GEi  Emck.GE  -i.jnO  NE^SUREHri.-  nr.TTGf's , 

2340  • 

2350  :r 

^360  'j’len  t-e  target  oackgrouna  is  set." 

2870 

23£Q  :.ear_;r- 

.£90  f-I''  ■■■ 

_300  r--.L-  '  ' :  C'-'RS  (  ■  30  >  ;  "Measur  1  ng  "  :  CHRS<  1  28 )  :  "  t  he  ta 

t  oack  cr : .  ;  " 

2910  ’j 

2920  ' 
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2930 

'  'HIS 

SUBROUTINE  IS  A  MENU  PRESENTED  AFTER  THE  FREQUENCY 

RESPONSE  IS 

COMPLETE . 

2940 

' 

2950 

TUB  F  r 

n0na<  1  n  .  r  nax  .  Po  1  ,  Cal  tq  t2  ( .  DateS  .  r  r  e  oateS.Ret 

urn ) 

2960 

OPTION 

BASE 

2970 

ASSIGN 

iNua 

2980 

ASSIGN 

iiNwa_ 

aata  TC  7lE:FCiRMAT  \j~r 

2990 

DIM  S 

c:ata(  ’ 

E05> 

3000 

CAlL  C 

lear_c 

r  t 

3010 

Dm*  1 

3020 

Menu;  P 

PINT  ‘ 

*°Iease  select  an  option  from  tne  menu." 

3030 

PRINT 

3040 

PRINT 

3050 

PRINT 

3060 

PRINT 

^0  “  Jieu  tne  ocner  comain.'* 

3070 

PRINT 

3080 

PPINT 

^^2  ■  Store  the  t  reouency  response  aata.” 

3090 

p=:nt 

3100 

PR  INI 

-  Continue  frequency  response  uith  a 

neu  target. 

3110 

PRINT 

3120 

PRINT 

<6  ~  Completely  new  frequency  response.” 

3130 

PRINT 

.  •• 

3140 

PRINT 

<3  -  Sack  to  the  mam  menu.” 

3150 

PRINT 

3160 

PRINT 

.11 

3170  ON  KEY  0  LABEL  "''oggie  Domain"  GOTO  C  td 

3180  ON  KEY  2  LABEL  "Store  Data"  GOTO  C_store 

3190  ON  KEY  A  label  "New  Target  "  GOTO  C_sai»e 

3200  ON  KEY  6  LABEL  "New  Freo  Besp"  GOTO  C_neu 

3210  ON  KEY  8  LABEL  "Aain  Menu''  GOTO  C  strt 

3220  ON  KEY  1  GOTO  Aoain 

3230  ON  KEY  3  GOTO  Again 

32A0  ON  KEY  5  GOTO  Again 

3250  ON  KEY  7  GOTO  Again 

32S0  Tin  key  9  GOTO  Again 

3270  Again:DISP  "°!ease  nit  tne  appropriate  soft  key." 
3280  GOTO  Aoain 
3290  C_tci;  OFF  KEY 
3300  0r.--'-Dn 

3310  On-:  THEN  OUTP'JT  iNua: "FBEO : " 

3320  IF  Dn--1  THEN  OUTPUT  iNua; "TIME :LOGM :" 

3330  CALL  CIear_crt 
33A0  GOTO  Menu 
3350  C_same;  OFF  KEY 
3350  Ferurr-O 
3370  C-LL  CIeir_crt 
3330  .-.eci  < -.1  T  > 

TuSO  .■  GOTO  C_rtore 

TAOO  Dr.*--  'nEN  Of’Cr  ■: '.ua;  =EC' ;  " 

.j^lO  ...PUT  rNtiiai  'CONiiGATFON; " 

3A20  T 

3A30  ,.iE,<:‘ 

34iin  -  - . .  -  .  -rr  .  -  . 

-ADO 

3AbC  ;• 

1^70  ._tata'I>=Ca,_T;tu'I.,> 

3A3C‘  _tata<.*:.'  )  •■la.  ttt..<I.L) 

:a90  '.I/T  : 

3500  gratae-  ->--;* 

_'5i0  _-a-ai  -  -.---'ax 

3520  ^-ratai 
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3530  ‘--L  StQre(S_data<*> .Dates. Pre_gate5) 

3540  33:.^  Clear_crt 

3550  ju'3  “"enu 
3560  c_'ieuj:  Orr 
3570  3eturn*l 
3580  CPLL  Ciear.crt 
3590  Cr-LL  Check  <  C.^ikS ) 

3600  -r  ChkS'"''"  THEN  GOTO  C.ctore 

3GI0  IF  Dm--l  THEN  GUT°ur  -Nua;  "FEEa ; " 

3620  OUTPUT  eNua; "CONT :GftTEON : " 

3630  -AIT  5 

3640  SUBEXIT 

3650  C_strt:  OFF  KEY 

3660  -eturn-O 

3670  CALL  Clear_crt 

3680  CALL  Check (ChkS) 

3690  IF  ChkS-''Y"  ■"HEN  GOTO  C_5tore 
3700  OUTPUT  9.Nya:"REC68:" 

37? 0  SUBEND 
3720  ' 

3730  •  THIS  SUBROUTINE  STORES  A  FREQUENCY  SWEEP  FILE. 

3740  ' 

3750  SUB  Store<S_data<*) .Dates. Pre_gateS> 

3760  OPTION  BASE  1 
3770  CALL  Clear  crt 
3780  PRINT 
3790  PRINT  ■••• 

3800  PRINT 
3810  PRINT  '••• 

3820  PRINT  "  Insert  storage  oisk  into  the  rignt-hano  oisk  orive. 

3830  PRINT 

3840  PRINT"  Press  " ;CHRS( 129> :"C0NTINUE” ;CHRS( ? 23> : "  uhen  yo 


u  are  reaoy . 

3350  FHUSE 

3860  CALL  Clear.crt 

3870  NajneiPRINT  "'"he  tile  name  must  nave  at 
3880  PRINT 

3890  IiiPUT  '■  Enter  the  File  name  for  the 
3900  File  name1S-LWCS(Dt_f 1 lelS) 

3910  DiSk:~CREATE  BOAT  0 t_f i !e 1 S . ? . '2904 


2920 

ASSIGN 

e0t_file1  TO  Dt_fiielS 

3930 

OUTPUT 

4Dt_f 1  lei :S_datat*  > 

3940 

ASSIGN 

^iDt_f  1  ie!  TO  • 

3950 

CREATE 

BOAT  F 1 le_namel S .2 . 30 

3960 

ASSIGN 

6File_namei  TO  Fiie_name'i 

3970 

OUTPUT 

•F ; 1 e_name i . I ; DateS 

3980 

OUTPUT 

A r  lit  n^r*^  •  ♦  V.  •  “  r  *  1 6  w 

3990 

ASSIGN 

•r  1  ie_nar»e  TO  • 

aOOO 

3  UPEND 

least  one  uPPER  CASE  letter." 
current  set  of  data. " . D t_f i le I S 


liOTO  ' 

J020  ’  'HIS  SUBROUTINE  I?  'lE  HAIM  "ENU  FjR  THE  FAT'ERN  CUT. 

c03U  ' 

.ihafl  ^  '3  Pc'I'atei? 

h05'~  C“TI”**  base  ' 

.3  060  I'll  A<  2  > .  Pcbkga  t  <  365  .  _  1  .  pcret  e  rence'  16,5.2)  .Piot_tt(  .IbS)  ,Pco;ot(370) 
ti07C'  DIN  V  ;  c-y  <  365  )  .  V  i  eti.2 ' 1 1 3  <  .  F  :  race_.jatat  ^  t  z  >  .“tatai-E;  ' 

HU80  ASSIGN  kNua  TO  7!6 

4090  ASSISN  i#flya_aatal  TC  r'F.iFORNAT  OFF 

4?00  I!JT£GER  P  reano  le  ,  S  1  le  .  3 

miO  Ueu:  CALL  C;ear_crt 

‘4?20  PRINT  "At  present,  only  t.ne  ioo  -te-aree  O'Jtion  is  active.  ' 
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4130  =''NT  "Inout  the  pirameters  tor  :ne  pattern  cat.” 

4140  -4*NT 

4150  =4:nt 

4160  INPUT  "  Operating  treguencv^  (Betueen  2  and  18  GH2)”.P."eg 

4170  rreq<2  DP  Freq>l8  THEN  GoTu  4150 

4130  IPLL.  C’.ear_crt 

4190  INPUT  "Nhat  gate  do  you  want  <ns)2  (Detauit  is  7  ns > ”  . 'negte 
4200  I-  Tnegte*0  THEN  Tmeqte”7 
4210  4 <  Tmeg te ) 

4220  Po'S-  — 

4230  'NPUT  "  °o lar 1  tat  ion ^  (Enter  0  or  H;  Default  is  hor i ton tai ) " . Po  IS 
4240  ■-  PolSO"”  AND  PolS<>"H”  AND  PolS<>"V  THEN  GOTO  4230 

4250  I-  PoiS-”H"  GR  Pols-"”  '^HEN 
4260  =olS-"H0RIZ0NTAL" 

4270  =ol-0 

4280  E_SE 

4290  ?o1$-”VERTICAL" 

4300  =ol-l 

4310  END  IF 
4320  CALL  Ciear_crt 
4330  Speeo-0 

4340  PRINT  '■  /Jhat  is  the  rotation  speed  ot  the  targetN” 


4350  PP'NT  "  (Default  is  l.5>” 

4360  P=:NT  "" 

4370  PRINT  ••  SLOWEST  PASTES'" 

4380  PRINT  ••  . >" 

4390  PRINT"  1.5  0.1" 


4400  INPUT  Sneed 

4410  IF  Speea-0  THEN  Sneed* 1.5 

4420  IF  Soeed<.1  OR  Soeeo>1.5  THEN  GOTO  4400 

4430  CALL  Clear _crt 

4440  Ancle1*0 

4450  Angle2'360 


4460 

Resolution* 

) 

4470 

•INPUT  " 

Starting  aspect  angle’"  ..Anglel 

4480 

CALL  Clear 

crt 

4490 

1 1NPUT  " 

Ending  aspect  angle?" .Angle2 

4500 

CALL  Clear 

crt 

4510 

!  INPUT  '• 

Angular  resolution’  (Default  is  !  degree )”. Peso lut ion 

4520 

IF  Resoition-O  THEN  Resolution-: 

4530 

CALL  Clear 

crt 

4540 

PRINT  "You 

have  input  the  foilowino  parameters.” 

4550 

print  "" 

4560 

PRINT  "" 

4570 

PRINT  " 

Operating  frequency  . ” . P reo . ”GH z . ” 

4580 

POINT  " 

Gate  UiCi*'.  . . 'near?  .  "ri^ec  .  ” 

4590 

ooiMT 

Polarization . . 

4600 

=RINT  " 

Startin-3  asoect  anoie  ...”  .Ancle  1  .  "degrees  .  ” 

4610 

inaina  aicec  t  ar.*- .  ^  . .  rr.a .  9^  .  "c-^grees  .  " 

4620 

4 PINT  " 

Angular  resolution  .  ”  .  neso i ui ion . "aeo r ee  .  ” 

4630 

PRINT  " 

”araet  rcration  rate  ?:^eec 

4640 

4650 

.... 

4660 

f.r..rC  ,  '■  '• 

4670 

Input  "Oo  you  want  to  cr.ance  dr.ytning'  'Enter  f  or  N :  jefauit  nol 

4680 

u"  rinsSO”’ 

AND  Hn^iO"'”  Af;D  AnsS'..'”N”  T-Ef;  GITI  -'-E.'i 

4630 

I.R  AnsS-"'” 

’’’HEli  GC.Tj  ^*'U 

4700 

1 

d7ir) 

E  ROLLOHING  lines  SEN-D  PnE  INPUT  INFEPHATIEN  Nj  "-E  -P  5510. 

-72: 

t 

4730 

IlUTPUT 

•Nua ;  "I'PRK.  1"  :  F  rec  :  -  z  ;  ” 
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4740 

4750 

4780 

4770 

4780 

4790 

4800 

4810 

4820 

4830 

4840 

4850 

4360 

4870 

4880 

4890 

4900 

4910 

4920 

4930 

4940 

4950 

4960 

4970 

4980 

4990 

5000 

5010 

5020 

5030 

5040 

5050 

5060 

5070 

5080 

5090 

5100 

5110 

5120 

5130 

5140 

5150 

5160 

5170 

5180 

5190 

5200 

5210 

5220 

5230 

5240 

5250 

5260 

5270 

5230 

5290 

5200 

5310 

'220 

5330 

5340 


OUTPUT  9Ny&:  "GfiTESPAN'* :  Tnegte  ;  “ns  ;  " 

OUTPUT  iNua;"5'IT0:" 

’'(0_aegs"ftng  Ie2-Angle  1 

No_incrmrs*No_aegs/Resoiu.tion 

=5INT  ■■  PLEASE  WAIT" 

1^  A  i  1  j 

•TUE  NEXT  SECTION  CALLS  ThE  HEADER  AND  MEASUREMENT  SUBROUTINES. 

t 

Measurements- “PC'* 

CALL  Ret bk gna_hdr <Po IS .Measurements ) 

ReoS-''" 

C.ALL  Baci;ground_r.eas<ReDS) 

CALL  Ret _har ( Po IS . Measurements ) 

CALL  Ref_meas<Sphajnp> 

I 

!ASK  IF  THERE  IS  A  DIFFERENT  TARGET  BACKGROUND 

t 

PRINT  "  Do  you  neea  a  separate  target  backgrouna^" 

PRINT 

Reps-"" 

INPUT  "Enter  T  or  N  (DeTauit  is  no).’’.Rep$ 

IF  RepS-"N"  OR  RepS-""  then  GOTO  5010 

IF  RepS<>"Y"  ’■HEN  GOTO  4950 

CALL  Clear_crt 

CALL  Tgtbkgnd_hdr 

CALL  Back ground_meas( RepS) 

CALL  Tgt_hdr 

CALL  Tgt_raeas<Pdata<*) .No^incrmts .Speed) 

!  THE  FOLLOWING  LINES  CALCULATE  THE  RCS  OF  THE  TARGET. 


P!ot_dt<J)  .  RCS  of  the  target  (oBsm)  ^ 

Res  .  exact  RCS  of  t.he  5  inch  sonere  (dBsm) 

^catatJ)  .  target  -  target  bacxgrouno  (dBsm) 

Sohamp  .  reference  target  -  reference  target  Dacxgrouno  idBsnJ 


0  iain-5 

Res  - 1  0-LGT (PI-<  D  lain- .  0254/2)  "2) 

FOR  J-1  TO  360 

^ lo t_ot 1 J ) -ResfPoatato) -Sphamp 
NEXT  J 

I 

i  THIS  SUBROUTINE  DISPLAYS  THE  PATTERN  CUT  ON  THE  CRT. 

f 

CALL  SKou_cr  t  <  Free  .Po:  .  CateS  .  Pre_oace3  .  Coo  ice  .P  io  t_-r  t  <  •  >  ) 

I,”  Choice*?  GuT’  '.ol- 

CALL  Clear_crt 

S'JBEND 

» 

!  rlS  SUEROUTIME  '’_£r-r-£  '-E  CP’. 

f 

V.  ct  C.t“ar_crt 

•  I  7  D I  I  T  k  £  L'  I  '  ’  • 

-  L  o  L  r  J  D 

!  '“IS  SUBROUTINE  PERFORMS  THE  -hTtern  CUT  'PhaET  MEASUREMENT. 

5^'B  Tgt  measlPdatat- »  .’i-i  incrnts  , -eo  > 
option  tASE  1 

ASSIGN  '•Nua  TO  7"A 
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535C 

5360 

5370 

5380 

5390 


ASSIGN  '•Nya_Ga£a1  TO 
OUTPUT  709  USING  "K" 
OUTPUT  709  USING  "K" 
OUTPUT  709  USING  "K" 


the  target 


5A00 

5A10 

5A20 

5430 

5440 

5450 

5460 

5470 

5480 

5490 

5500 

5510 

5520 

5530 

5540 

5550 

5560 

5570 

5580 

5590 

5600 

5610 

5620 

5630 

5640 

5650 

5660 

5570 

5680 

5690 

5700 

5710 

5720 

5730 

5740 

5750 

5760 

5770 


-TP  TQ  360 

OUTPUT  «Nida:"OUTPf1ARK;" 

ENTER  «Nua; rdata( I > . 3 
OUTPUT  709  USING  "K'^-IA" 

IIAIT  Speed 
NEXT  I 

'.ell  Clear_crt 
3U8END 

t 

'  'HIS  SUBROUTINE  IS  A  HEADER  FOR  THE  PATTERN  CUT  TARGET  nrasuREMENT . 


SUB  Tgt_ndr 
CALL  C:ear_crt 
P=INT  " 

PRINT 

PPTM|  '■ 

=  Ril,T  " 

PRINT 
PRINT  — 

PRINT 

PRINT 

PAUSE 

CALL  Clear  crt 
SUBEND 


Get  ready  to  measure  tme  target." 

Has  the  controller  been  assigned  to  the  HP  85107" 
(Enter  'GUIT  3  on  the  nanohe-c)" 


Hit  CONTINUE  uhen  the  target  is  in  place." 


!  ^HIS  SUBROUTINE  PERFORMS  THE  PATTERN  CUT  REFERENCE  AND  TARGET  BACKGROUND 
MEASUREMENTS. 


SUB  Bacitground_meas(ReoS) 

ASSIGN  vNua  TO  716 

OUTPUT  ?Nua: "DISPDATA : AVER0N32 : " 

WAIT  6 

OUTPUT  jNuia;  "DATI  iMlNU :  DISPMATH ;  hvEkOFF  • 

BEEP 

SUBEND 


'HIS  SUBROUTINE  PERFORMS  THE  PATTERN  CUT  REFERENCE  TARGET  MEASUREMENT. 


5780  SUB  Ref _meas < Sphamo * 
b790  ASSIGN  wNwa  lu  716 
5300  OPTION  BASE  1 
5310  OUTPUT  '!'Nua;"AVEROr;'  ' 

5820  -ATT  A 

5330  OUTPUT  rNua;  "CUTPMAPK  ;  hvERC'^F  :  " 

5840  ENTER  eNua;  Sonarto  .  6 

5350  SEE? 

5S6'j  E-lL  Clear_crt 
5370  E.EEND 
5880  : 

5390  '  '-IS  subroutine  IS  A  Hri^hEt  r.np  ^qth  TnE 

EUT  REFERENCE  TARGE'  H- aSU-'mEn''^ 

5900  ' 

5910  EE  L  Ref  _hd r  ( Pol S  ,  .Measure.-.en r  :  ) 

5920  CHi-L  Ciear_cr: 


FREOLiENCr  RESPONSE  AND  PATTERN 
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5930  9easurementS-''PC"  'HEN  GOTO  59'0 

5990  -EIN'  "  Are  tne  antennas  aiiqnea  f  c  r"  .  ?3  IS  . polarization'" 

5950  ==<INT 
5960  P5INT 

5970  PAINT  '■  P'lt  oat  tne  reference  target.  ' 

5980  PAINT  "  hit  CuNTINLiE  unen  yoa  are  reaoy." 

5990  P“USE 

SOOO  CALL  C:ear_crt 

5010  PRINT  ■■  "iCHRSCSO)  :"Heasuring  "  i  CHRS(  1  23 )  :  "  these- 

here . " 

5020  SLEEND 
5030  ! 

5040  '  'HIS  SUBROUTINE  S'ORES  A  PATTERN  CUT  PILE. 

6050  ' 

5060  CUB  S t re ( Dates . p r e_gateS . V  I eu< * > > 

6070  OPTION  BASE  ■ 

5080  CALL  CIear_crt 
6090  PRIN' 

5100  PRINT 
6110  PRINT 
5120  PRINT  — 

6130  PRINT  "  Insert  storage  aisk  into  the  riont-nano  oisit  enve." 

6140  PRINT 

5150  PRINT"  Press  CHRST 1 29  >:  "CONTINUE"  :  IH.RSl  1 23 ); "  jnen  yc 

a  are  reaoy . " 

5160  PAUSE 

6170  CALi.  C!ear_crt 

6180  NameirRINT  "The  file  nawe  mast  have  at  least  one  UPPER  CASE  letter." 

5190  PRINT  "" 

5200  INPUT  "  Enter  tne  file  name  for  the  current  set  of  oata. " . 0 t_P i 1 e2S 
6210  File_naiTie2S-LWCS<Dt_f  ile2S) 

6220  Disk:  CREATE  BOAT  Dt_f i ie2S. I .2960 

6230  ASSIGN  fiDt  fiie2  TC  Dt_file2S 

6240  OUTPUT  "DtZf ile2:Vie<.><-> 

6250  ASSIGN  PDt_fil62  TCj  - 

5260  CREATE  BOAT  F i le_nahc2S ,2 . 20 

6270  ASSIGN  *Piie_name2  TO  r i le_name2S 

6280  OUTPUT  '»Ei  Ie_name2 . 1  iDateS 

6290  OUTPUT  siFile_name2.2;Pre_gateS 

6300  ASSIGN  «File_najne  TO  • 

6310  CALL  Ciear_crt 
5320  SUBEND 
5330  ’ 

5340  '  'HIS  SUBROUTINE  HAKES  SURE  THE  USER  HAS  REMEMBERED  TO  SAVE  THE  DATA. 

5350  ' 

5360  SUB  ChecK < C hK 3 ) 

5370  =RINT 
5380  P°INT  "" 

5390  DRIN'  •■■■ 

5400  PPINT  "" 

-alQ  -'iNT  "  -ave  /oa  fa-/eo  /•■ar  tata'  I:  jii:  ce  .cst  ;•  you  naven  t." 

5420  PP'!-:'  "" 

5430  C'kS-"" 

•iaiii)  :';P‘fT  ^  --  -'ir  '5--^r  '  tr  ‘i  •  je'aait  it  noi".'>-; 

5450  C.Aa_  Cl6a:_t:t 
5.4b0  .:.cEiD 
5470  * 

n4o0  1'"I"‘  SUcPUNTInE  I'ICP’.A'S  '"5  gaTTrg-j  -'jr  r.fj  tu£  CRT. 

5“9Tj  '  _  , 

-..500  CL 3  hou  t  r  - '  ■  reg  .  .  I'd : t  i  .  --_5a ;e  i  .  '  ’icn;  e  ,  V  i  e-j <  *  i  > 

5510  Start:  ■ .ear_crT 
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5520 
5530 
5540 
5550 
5550 
5570 
6580 
5590 
5600 
5610 
5520 
5630 
6640 
5650 
6660 
•3670 
5680 
5690 
6700 
5710 
6720 
5730 
6740 
5750 
6760 
6770 
6780 
6790 
6800 
6810 
6820 
6830 
6840 
6850 
5860 
6870 
6880 
5890 
6900 
5910 
6920 
6930 
5340 
6950 
5360 
5370 
5980 
5990 
7000 
7010 
7020 
7030 
7040 
’'150 
7  060 
7070 
7080 
7090 
7100 
7110 
7120 


;;nit 

^-GTTER  IS  3.  "INTERNAL 

' m I n“0 1 eu  t 1 > 

'  Tax  ■  ^rr  1  n 
7GR_T=i  TQ_361 

IF  Vjeij»Il<Tnin  THEN  Tm  i  n-V  i  ey  ( I ) 

IF  Uiey<I)>Ymax  THEN  Ymax'v'ieyil) 

NEXT  I 

Ymajc  1  najcT  1  0 
l'nax*FRQUND<  Ymax  .  1  ) 
lmin“Ymin-10 
't 1 n'PROUND <  Ym in .  1  ) 

Range" Ym ax  - Yn in 

GRAPHICS  ON 
HOVE  0.95 
.'SIZE  3 
_ABEL  Names 
ISIZE  6 
■-ORG  6 

73R  I--. 3  TO  .3  STEP  .1 
HOVE  70"1.100 
LABEL  "L'’N  OBSERVABLES" 

NEXT  I 
-GhG  1 
C3IZE  4 
HOVE  0.62 
Label$-"RCS" 

FOR  I- I  TO  3 

LABEL  Lane  1st  I.:: 

NEXT  I 
HOVE  56.15 

..ABEL  ".ASPECT  ANGLE" 

'.'lEHPORT  15.125.30.90 
-'=AME 

RINDOW  0 . 360  .  Ym  I n  .  Yriax 
AXES  5.2.C.Ymin.9.5.2 
ISIZE  3 
.QRG  6 
CLIP  OFF 

7QR  I"0  TO  360  STEP  45 
HOVE  I.Ymin-l 
LABEL  I 
NEXT  I 
sORG  8 

7QR  I-Ymin  TO  Yraax  STEP  10 
HOVE  : 

-ABEL  I 
NEXT  I 

7jR  :-0  7,j  359 
^LQT  I . V 1 ewi I + 1 > 
next  I 

IN  XEY  0  LABEL  "SHIFT  DATA"  GOTO  Shifr' 

-•»  '-Vw. 

•;  i/rv  ^  _;ipcri  rgp  pp"  r..'’-.-,  f  .... 

II.  KEv  3  GGTO^Icie'  “  '  '  -  -  - 

.N  !<'EY  s  ..ABEL  "NEH  PC"  GOTO 

:•  FEY  5  LABEL  "DOHP  TC  PRNTR"  GOTO  Dolu-p 

:  :  yEY  S  GOTO  Ia!e 

:■  FEV  7  GOTO  Icle 

IN  XEY  3  GOTO  Ic!e 

ON  FEY  9  -ABEL  "HA IN  HENU"  GOTO  i\ 
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7130  --rN  <BD  G3:G  Bottom 

7140  rc;e:3:SP  CHRS(I3n:--:CHRS(I29);--:’'IMES<riMEDATE) 

7150  ^AI7  • 

^160  ’-uTO  Idle 

7170  Daiino;  =  RlNTEB  IS  701 

7'30  ISTPUT  i<3D:"  n”  ; 

7''30  =PINTES  IS  CRT 

'200  jQTQ  lale 

7210  Shifft:  OFF  KEY 

7220  IRflPHICS  GFF 

7230  CALL  Ciear_crt 

7240  _  Ifl  V  1  eo2 (  36 1  )  .  P  lo t _o  t  <  365 ) 

’250  .'JPUT  many  ceqrees  snoiiid  the  data  De  snifted^  (- 

Cnf  t 

'260  ;■  Shft<-3G0  OR  Shft>360  THEN  GOTO  7_  j 

’270  Shft>0  THEN 

7280  ihft-360-Shft 

'290  2_S£ 

7300  Shft"Shft»('l> 

7310  2ND  IF 

7320  -'-R  I-!  TO  3G0-Shft 

7330  V  ieu2C  I ) -0  leuit  I  tShf  t ) 

7340  next  I 

7350  -OR  12-1  TO  Shft 

7360  V ieu2< 3G0-Shf t+ 12) -V ieu< 12) 

7370  NEXT  12 

7380  F-.R  13-1  TO  360 

7390  Plot_dt<  I3)-Vieui2(I3) 

7400  V  te«<  13) -1)  ieiii2<  1?) 

7410  next  13 

7420  GOTO  Start 

7430  C_scre:  OFF  KEY 

7440  ;ALL  Clear  crt 

7450  GRAPHICS  OFF 

7  460  N 1  eti (  36 1 ) -^  red 

7470  V  ieij(  362) -Po  1 

7480  CALL  S t re(Date5 .Pre_gateS . Wiew(-) ) 

7490  CALL  Clear  crt 

7500  GOTO  Start 

7510  C_neu:  OFF  KEY 
7520  C,RAPHICS  OFF 

7530  CALL  Clear.  -cr  t 

7540  Choice- i 

7550  CALL  Check (ChkS) 

7560  IF  ChitS-"Y"  THEN  GOTO  C  etre 

7570  SUBEXn 

'530  C_E-rt:  CRAPHICS  OFF 

7‘^'’Q  call  C:ear_crt 

'600  ll-o;ce-0 

7610  CAi.L  Chect  ( Chk S ) 

■620  Ch>r5-"Y"  THEN  GOTO  C  etre 

7630  SOBEXI' 

'640  E'o::cm:'jFAPu:cs  OFF 
'd50  I-.:.  C.ear  crt 

7660  CCSEND 
'570  ' 

'580  ' 

7690  G«J3  ^roc_cnoice 

^710  ‘ 4.  Seroey,  Hay  1959 

7720  Choice;  PRINT 


■or  shift 


left)" 
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7730 
77ao 
7750 
77S0 
7770 
7780 
7  790 
7800 
7810 
7820 
7330 
7840 
7350 
73S0 
7370 
7880 
7390 
’900 

m  1 Q 

7910 

7920 

7930 

7940 

7950 

7960 

7970 

79?- 

79' 

80 

SO  j 
8020 
3030 
3040 
3050 
3060 
8070 
3080 
8090 
8100 
31  10 
3120 
) 

7130 
3 -,40 
3150 
3160 
i;7o 
3130 
''-'190 

-:2oo 


.'2 ;  j 


7140 
::50 
.•^60 
-3S(  1 
:;7o 
:4eo 
7^90 


i'lT 

••  WHAT  Tvoc;  qf  ;,q  vqu  tq  PROCESS  I"' 

--IN'  "  r8E0UENCY/:i“E  DATA  CS  DA'A" 

7N  <EY  0  LAPEL  "'■^EQ/TIM"  GOTO  Fr-qiira 
E'l  KEY  ’  GOTO  Icie 

KEY  3  label  "“ATTEPN”  GOTO  Pattern 
L-J  KEY  3  GOTO  laie 
L'i  KEY  A  GOTO  Idle 
OG  KEY  5  GOTO  lale 
:•!  KEY  6  GOTO  Idle 
Cl^  KEY  7  GOTO  Idle 
7G  KEY  3  GOTO  lale 
QG  KEY  9  label  "EXIT"  GOTO  Exit 
Idle:  DISP  "  PRESS  APPROPRIATE  SOFT  KEY" 

GOTO  Icie 

F rent  in;  'ALL  C;r_scr 

_  Please  ; CnRS ( 1 30 ): "jai t CHRS < 1 23 ); "  jniie  tne  syste 

oeina  contiqurea." 

GFF  KEv 
CAlL  Procpiot 
GC'O  Choice 

Pattern;  CALL  Cir_scr 
-rr  'Y 

CALL  i  at_procp lo  t 
GOTO  Choice 
Exit:  CALL  Clr  scr 

OFF  KEY 
SUBEND 

t 


SUB  Procpiot 

’  Written  oy  Dana  J.  Beroev,  day  1989 

OPTION  BASE  1 

“SSIGN  ;»Nua  TO  716 

ASSIGN  ••Nija_aata  TO  716:FORMAT  OFF 

DIN  Trace_oata(801 .2) .Plot  ot<80 I ) . Datat 80 1 . 2 > 

OUTPUT  6Nua:"RECA8;P0IN801 :" 

WAIT  II 

CALL  Ciear_crt 

Input:  CALL  inputtlr ace_oatat • > . OateS , F i i e_naneS .F rl .Fr2. Polarity. P re_qa tei 

CALL  Present_aatatFrI .Fr2 . Trace_datat • ) ) 

OUTPUT  -iNua;"GATECENT  0;ENTQ;" 

jn”  I 

Gate-- 

(ALL  Clear_crt 
Menu:  ppINT 

r'PINT 

P'  INT  - ... - ............... _ _ _ _ 


-''-'INT 

Z>Z  -»  ” 


>:-l  --EN 
'PINT  " 

23  ) 

:g  .'EY  0  ^ABEL 
KEY  5  ^ABEL 

E_CE 


"  ;CHS$<  129)  :"r0U  ARE  NOW  VIEWING  ^nE  FRECUENCY  DCHAI 

"’:“E  DCNAIM”  GOTO  Domain 
NcW  DATA"  GOTu  Ney_oata 
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8300 

4RINT  ■ 

••  ;CHRS(  12S)  ;"YCU  ARE  NOW 

VIEWING  ''^E 

■I.“£  DOMAIN"  :CHR5( 

C3) 

3310 

:n  key 

1  ABEL  ■"'FAQ.  GOHAIN"  GOTO  Domai 

n 

3320 

jN  KE'' 

5  ^ABEL  "CPECIFY  GATE"  GOTO  Gate 

3330 

END  IF 

8340 

44TN' 

3350 

faint 

3360 

IF  Gate-i 

■-EN  PRINT  "  ":CHRS(I29>  :" 

A  TINE  GATE 

-49  rrrv,  APPLIED  ' 

THE  DflTA";CHftS(i:S) 


8370 

CN 

KE'' 

-AB£L_" 

F'LOT" 

GOTO 

Plot 

8380 

ON 

KEY 

GOTO  Ic.e 

3390 

CN 

KEY 

o 

LABEL  " 

EXIT" 

GOTO 

Exit 

8400 

ON 

KEY 

•jQTC  *c.e 

3410 

CN 

KEY 

J 

GOTO  Idle 

8420 

ON 

KET 

b 

GOTO  Ir.e 

8430 

CN 

KEM 

7 

GOTO  Idle 

3440 

ON 

KEY 

S 

GOTO  Idle 

3450  Idle;  jISP  "ENTER  AFPoOPRIA’E  SOFT  k'EY." 
3460  GuTQ  lole 
34  70  Oonain; 

3480  IF  Dfn"t  ^HEN 

3490  jUTPUT  iNua;"FREQ:" 

3500  E.3E 

3510  OUTPUT  «Nua;  ■T:hB:LCGM:" 

8520  HAIT  2 

8530  END  IF 
8540  CALL  CIr 
8550  GOTO  Hen,: 

8560  Neu  oata:  Clr_scr 

3570  OFF  key 

8580  OUTPUT  rNua:  ■FREQ;CCNT:GATEQFF;" 

8590  GOTO  Input 

3600  Exit:  'ALL  Cl.-.scr 

3610  0--  FET 

3620  OUTPUT  tNwa:  ■PECA8:F0:N6':; 

8630  SJBEXIT 

3640  Gate:  CALL  CIr_scr 

8650  ON  KEY  5  LABEL  "ACTIVATE  GATE"  GOTO  Gnotf 

3660  CN  KEY  7  LABEL  "  CENTER"  GOTO  Center 

8670  ON  KEY  9  LABEL  "  GPAN  "  GOTO  Span 

3680  ON  KEY  0  GOTO  Idle2 

8690  ON  KEY  1  GOTO  IdleO 

3700  CN  KEY  2  GOTO  Idle2 

8710  ON  KEY  3  GOTO  Idle2 

3720  ON  KEY  4  GOTO  Idie2 

8730  ON  KEY  6  GOTO  IdieE 

3740  CN  KEY  8  GOTO  IdleE 

3750  Icie2:  CISP  "ENTER  e-epnpp'c-r  ^  rv 

■  760  33  70  Io;e2 

3770  Cncff:  CALL  Clr_sc7 
3730  3ate"- ’ 'Gate 

8790  ”  Gate-'  tupn  OUTPU"  a:  "LF'EO':  : " 

ipijO  1"  Gate--'  "-EN  OUTAvt  ?  i..a:  G'^  7-,  GF^"  ^  ' 
oo  *.  u  G  -  ■  u  Nenu 

3820  Center:  lALL  Cl.-_Tcr 

o830  LT-:  IHEN  OuIPUT  -Nu^a:  '*  :“E  :  LOGH  :  " 

3340  Dn--l 

3350  I”  Gate- I  *AEN  OUTPUT  7 ’iij^ ;  "GATEOFF  :  " 

-3360  Nate--’ 

4370  CcTF'JT  i'Nua;  'GATECEtr  :  " 

3880  LOCA.  7-F 
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8890  '5:n- 

8900  -=!NT 

39t0  ==iINT 

3920  ^9INT  •'  jSE  k:nG3  CN  85 : 0  ”  :h:N'E3  '=‘^ES: 

8930  =3USE 

3940  .’jTP'J^  •Nuai.  E'JTG;" 

8950  GCTD  Gate 

8960  Saan:  38LL  Clr_'cr 

3970  I'  Dm-1  THEM  OUTPUT  ■iNuia;  •' T  IMS  :  LOG^: :  ” 

3980  :n--l 

8990  :r  Gate- 1  'fiEN  OUTPUT  -Nua: 

9000  Gate--' 

9010  jU’PUT  iMua:'GATESrPN:" 

9020  .jCAL  7-E 
9030  PPINT 
9040  D=!NT 
5050  Pt^INT 

9060  PPINT  "  .SE  KNOB  ON  85:0  "■  SET  '.ATE  SPAN.  '  -EN 
9070  PAUSE 

9080  OUTPUT  •Nua:  ’E‘IT0:" 

9090  GOTO  Gate 

9t00  Plot;  CALL  Clr_scr 

9tl0  PRINT  "  Please  ’;'"-RS( 

( 128)  : 

3120  KlY 

9130  ASSIGN  4Nua  aata2  TO  7IG:F0F.MAT  CN 

9140  OUTPUT  «NuaT"F0RM4:0UTPF0RM:” 


9150 

ENTER  jNua  aata2:Data(»> 

9160 

FOR  1-1  TO  801 

9170 

Plot  dt <  I ) -Oata( 1 . 1 ) 

9180 

NEXT  ! 

9190 

IF  Gate-  1  '''HEN 

9200 

OUTPUT  *Nua:"GATECENT:OUTPAC 

1  ,  ;  ” 

9210 

ENTER  ‘Nua  data2:Gate  cent 

9220 

OUTPUT  iNua;''GnTESPAM:OUTPAC 

T 

9230 

ENTER  -Nua  data2;Gate  span 

9240 

OUTPUT  •«Nua;'’ENT0:" 

9250 

ELSc 

9260 

Gate  span-O 

9270 

END  IF 

9230 

late  cent-Gate  cent»IO'9 

9290 

C-ate  span-Gate  span»10~9 

9300 

"r'*2  'KEN  BanduidthS-’'2‘ *  9 

1  '■ 

9310 

‘r  Ty  ', then  BanawiatnS-"*9- '  - 

9320 

-  ---aw  ;  h^N  sancg  lai^S -**3- ‘ 

9330 

Piotfionu;  C.r  "scr 

9340 

■  *  -  = 

9350 

.-350 

-r.  r 

.  -j  r 

9370 

r  ~  "D 

9380 

-E-'  ■>  -peEl  "p^:- 

<  1  * 

9390 

ON  ■  Er  '■  Iclel 

'r400 

Z'  ■  ”■  Z3Z 

9A10 

'*•  .  '  •--  - 

9A20 

1  ,!<  "  . .  .1  j  .i 

9A30 

' .  •  '  ■  - 

9440 

'  ' '  i  -  -  -  ■ . .  ,  1  .  1 3  i  a  ", 

9450 

O'  ■  0-  :  ■  it:  ic-e 

'-AfiO 

Ic.-  I'P  "P'.'EP  ppPCdpPTA'P 

'  ■  r  ■  . 

9470 

g: ■ .  1  .  ^  . 

3480 

L  1  ■  r  :  „  I  T_iCT 

126 


9490 

LINE 

TYPE 

DESCRIPTIQN" 

9500 

9510 

—  INT  "" 
—.INI  " 

3 

_ 

SoliC  line" 

9520 

9530 

pojNT 

-PINT 

_ 

Short  dashed  line' 

9540 

9550 

PP'N'  ■■■■ 
PPINT  " 

r 

to  6 

- 

Progressively  longer 

95S0  GN  K£Y  0  LABEL  "C"  GuTG  Zero 

9570  QN  KEY  !  LABEL  " : "  GOTO  One 

9580  QN  KEY  2  LABEL  "2"  GOTO  Too 

9590  CN  KEY  ^  LABEL  "3"  GOTO  Yhree 

9SOO  QfJ  KEY  4  label  "i"  GOTO  Four 

9G1Q  2N  KE''  5  LABEL  "S"  GOTO  Fioe 

9520  ON  KEY  5  lABEL  "E"  GOTO  Six 

9630  ON  KEY  7  GOTO  Licle 

9640  ON  KEY  8  GOTO  Liaie 

9650  QN  KEY  9  GOTO  Licle 

3660  Licie:  DISP  "SELECT  LINE  TYPE" 

9670  GOTO  Licle 

9680  Zero:  Lin_typ*0 

9690  GOTO  Plotpenu 

9700  One:  Lin_typ-1 

9710  GOTO  Plotmenu 

9720  Two;  Lin_typ*2 

9730  GOTO  Plotmenu 

9740  Three:  Lin_typ"3 

9750  GOTO  Plotmenu 

9760  Four:  L:n_typ*4 

9770  GOTO  Plotmenu 

9780  Five:  Lin_typ*5 

9790  GOTO  Plotmenu 

9800  Six:  Lin_typ*6 

9810  GOTO  Plotmenu 

9820  P.ot  one:  CALL  Clr_scr 

9830  CFP  key 

9840  CALL  Scale  cn< Ymax . tmin.Plot  ot<»>> 

9850  CALL  Clr.scr 

9860  IF  0m“l  THEN  CALL  Drau_p  1  <  Ymaji .  Ymi  n  ,F  r  I  ,  r  r2  .Dm  .Nuni_t  races  i 
9870  IF  Dm**1  THEN  CALL  Draw _pl  <  Ymax  .  Ymin  .  T  1  .  T2  .Dm  .Nujn_tTaces  i 
9880  GQTQ  Plotmenu 
9890  Plot_aata:  CALL  CIr_scr 

9900  PRINT  "  Please  "  :  CHRSl  1  30  )  ;  "wai  t"  ;  CHRS  ( 1  2S  )  ;  •'  .mie  tne 

ta  IS  oiortec." 

9910  OFF  KEY 

9920  CALL  Draw_aata(P lo t_ot < • > • Ymax . Yrai n .F i le_  _najT»ei  .  Banew  1  c  L  ni  .  ~  .rY.rre_t 

eS.  Gate_c  en  t.  Gate  _s  pan.  Dates  .Nuri_  traces  .L  i  n_typ  ) 

9930  CALL  Clear_cr: 

9940  C-ITQ  ^lotmenu 

9950  Pl-t_9xit:  CALL  Clr_scr 

9960  1  ~'u  Yenu 

9970  L.EEND 

9980 

icon  I 

■■'GvO  i~r'uti:race_catat’*>.jate5.F.l  e_naneS  .  F  r  I  .  F  r  Z  . 

'OO'O  !  >-ri:ten  py  Dana  Bergey .  "ay  1 99'- 
'0020  ;pTi:r)  spsE  i 
1 0030  ZIP  Data< 1605) 

"0040  call  C;ear_t-t 
•0050  Star::—!'.'!  "" 

■0060  —IN'  — 

0070  -P.N,  "  Insert  aisc  containing  aata  t. 
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■^ress 


rive. 

:a080 
:0090 
unen 
■0100 
’  ono 
•0120 
10130 


-=:nt  " 

’*  •=■  J  y  . 

'-'-jSE 

jN  Enf^OP  Go 


:  :HRS<  131):  "C^NTI^JUE■• ;  CHRS(  1 28  >  : 


r.PLL  '-'lear_crr 

riiPUT  "Oq  yoa  uisn  ro  see  listing  of  disK  ( Y  or  N)!*  Default  is  N0.".Lli 


s  tS 

10140  Ll;stS-''Y"  ---iE.M 

10150  IflT 

lOtSO  IN  KBD  OuTO  Again 

'0170  lISP  C.'-RS  <  1  D 1  )  :  "P  ress  space  bar  unen  ready  DHR$(  1  23  ) 

10180  L . OOP  :  ’oLi  i  L  _  .ooo 
'0130  E-3E 
'0200  GOTO  Aoam 

10210  END  1~ 

"0220  AgainiCALL  Clear  cr: 

10230  ;F"  <SD 

10240  j-r  ERROR 

'0250  NameiINPUT  “Enter  tne  file  name  of  the  storeo  f  i  le  .  “  ..'"i  ie_names 
10260  :n  ERROR  GOTO  Err? 

'0270  I'TO  Inbouna 

10280  Errl  :?RINT  ERRMS 
10290  GOTO  Name 

10300  I noouno : PR INT  "  Please” :CHR$< 1 30 ); "  uai t  ' : CHRS( 1 28 > : "  while  your 

file  IS  being  ioadea  and  processea.” 

'0310  ASSIGN  jEilel  TO  Eile.nameS 

10320  ENTER  sF i ie1 :Data( * > 

10330  ASSIGN  jFilel  TO  • 

10340  -OR  I-'  TO  301 

10350  ■race_oata< I . 1 ) -Datat I) 

10360  "race  aata<  1 .2)  "Datat  I+6'01  ) 

10370  'lEXT  I 

1C38C  'r'-DatadEOD) 

10390  ---^.Oatai  1604) 

10400  A,  j  jy-O^jatl  605) 

10410  Date_fi ie5-LMrs(F i !e_nameS> 

10420  ASSIGN  wFileE  TO  Date_f i leS 
'0430  E.NTE.R  «F  i  le2 .  i  ;  Dates 
10440  ENTER  '•P  i  ie2 . 2  ;Pre_gateS 
10450  ASSIGN  FFiieD  TO  • 

10460  SwBEXIT 

10470  Err2:C.4LL  Clear_crt 

10480  D:SP  ERRMS 

10490  EEEP 

10500  C'AP  ERROR 

•0510  -C'C  Start 

10520  SUEENE 

•0530 

'0540 

1 0550  SEE  A resenr_catat F r ' . F rC . ' race_cata( • ) > 

•0560  1  F. ritten  cv  vana  -  .  trrr*tev.  d't 

"1570  ■ 

10560  Integer  FreaFibFe.-ite 

10590  --‘1  JunricO'.^' 

10600  PSSIGN  eNwa  TO  Tf 

10610  -'ESIGN  •rtua_-ata  NT  ■•A-.P'FMqT 

1  0620  E  ;tput_«),u=  : .  -toA'A" 

•0630  L  iTER  ?Nwa_cata:  a  reiT.c, le  .  Jur.K  <*  ) 

10640  n-ET  3 
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;0S5Q  IJTPUr  iNuia;"STAR”;Prl  ;'‘GH7 

10650  «AIT  :• 

10670  IJTPUT  iNua:"ST0P";rr2:"GH2:'‘ 

10680  AAIT  3 

10690  .m-l 

■j700  IJTP'JT  rNija;  "HOLD  :  GATluFF  ; 

10710  OUTPUT  iNua; "FORMS :INPURAWl" 

10720  jUTPUT  •N(i/a_aata  iPreamoie  .S  j  :e  .  Trac^ 

10730  SUBEND 
10740  ' 

10750  ' 

10760  3UB  Scaie_cn<  Traax  .  I'n  in  .  P  lot  _at  <  ♦  >  > 

10770  !  Written  oy  Dana  o.  Bergey .  May  1BS9 
•0780  lOPTIGN  BASE  I  ’ 

10790  'n in“P 1 o t_a t < 1 >  !  INITIALIZE 

'  0800  'naji-fnin 
•0310  -GR  J-l  10  801 

'0820  IF  P  1 0 1  _d  t  <  J )  <  T.ti  1  n  InEN  Ym  1  n*P  i  o  t  _a  t  ( J ) 

10830  IF  P  lo  t_d:  <  J >  >  Ynax  THEN  YmaicP  io  t_o  t  (  J) 

10840  -JEXT  J 

10850  CALL  Clear_cr* 

10860  =9INT  '• 

•0870  fPINT  "  •  SCALING  CHOICES 

10880  -INT  " 

•Q890  SINT  ••  ..................................... 


10900 

'0910  PRINT  "  The  maximun  value  of  the  current  data  is  " : '■'•rajc : "  'dBsm)." 

10920  PRINT  "  The  mininum  value  of  the  current  data  is  ":''nin;"  (dBsn>." 

10930  =RINT  •••• 

10940  PRINT  "  "-.CHRSt  123) -.'•AUTO  SCALE'’ iC'HRSdZS);" . Conuuter  ce- 

erates  scale." 

10950  =RINT  "•• 

10960  PRINT  "  "  :  CHRS<  1 29) :  "USER"  :CHRS(  1 28)  ;  " . User  defines 

scale . " 

10970  =RINT  "" 

•0980  =RINT  "  ":CHRS(  12S)  I'^IAIN  MENU":CHRsn28)  :  " . Exitoacit  tc 


nain  menu." 


0990 

IN  KEY  5 

LABEL  •• 

AUTO  SCALE"  GOTO  Auto 

1000 

ON  KEY  7 

LABEL  " 

USER"  GOTO  User 

1010 

ON  KEY  9 

LABEL  " 

■'AIN  MENU"  GOTO  l" 

1020 

3N  KEY  0 

GOTO  Idle 

1030 

CN  KEY  1 

GOTO  Idle 

1040 

I'N  KEY  2 

GOTO  Idle 

1050 

IN  KEY  3 

GOTO  Idle 

1060 

C:  KEY  4 

GOTO  Id.e 

1070 

:n  key  6 

GOTO  Idle 

'080 

IN  KEY  8 

GOTO  Idle 

1090 

Ic.e^giSP 

'Enter  ai^orooriate  so^t  * 

1  IOC 

V  ....  i  U  a  C  i 

a 

•  1  TO 

S4^  vjrr  ifry 

1 '20 

ne  ID*  *1 

1130 

CcEEXIT 

1  ■  411 

User  -.CALL 

I  lea.r_cr  t 

I  150 

=  AINT  " 

- 

1  ISO 

129 


11170 

-PINT  '■ 

1  1  180 

-PINT  '• 

•1190 

PRINT  '••• 

11200 

***■ 

11210 

INPUT  "Enter  the 

max  11 

11220 

INPUT  "Enter  the 

minii 

11230 

Range" Ymax-Ynin 

11240 

IF  RangeXO  THEN 

GOTO  1 

1 1250 

3EEP 

•1260 

IF  Range'O  THEN 

PRINT 

r  Ym  11 

n  and  Ymax." 

•1270 

IF  Range<0  THEN 

PRINT 

our  Yt 

lajc .  ” 

•1230 

PRINT  "" 

•  1290 

PRINT  " 

11300 

G3T0  n2^0 

11310 

Good  rgeiCALL  Clear  crt 

11320 

OFF  KEY 

11330 

SUBEXIT 

11340 

AutoiCALL  Clear  cr 

t 

11350 

t.Tiaji"  Tmax-r  1  0 

11360 

Ymajt"PRQUND<  Ymax 

,  1  ) 

11370 

Ymin'Ynin- 1 0 

11380 

Ymin*PR0UND( Ymin 

.1 ) 

1 1390 

OFF  KEY 

11400  SUBEND 
11410  t 
11420  1 

1 1430  SUB  Heading 
11440  CALL  Clear _cr: 

11450  =SINT  ••;CHR$(I29); 

;  CHRS<  1 23 ) 

•  1460  =5INT  ••  ■•:CHR$(  129) ; 

•” ; CHRS< 1 2o  1 


11470  =r:nt  •• 

ENT  FACILITY 
11480  PRINT  '• 

•  1490  PRINT  •• 

»  »  4»  •  4»  4»  •  4»  «  *  4»  •  « 

■  1500  SUBEND 

•  1510  ! 


■•;CHRS<129) ; 
•••:CHRS<128) 
":CHRS(12g) ; 
•":CHRS(128) 
■':CHRS(129)  ; 
••■•:CHRsn23) 


You  have  enterea  the  sajne  value 


'our  Yhin 


greater  than  y 


ry  again! 


AFIT'S  AUTOtIA' 


SCATTERING  MEASURE- 


•1540  ! 

•  -550 

•  ’560 

■  1570 

•  1580 

•  1590 

■  1600 
1610 

■  1  62C 

•  -630 

3  tine.' 

•  -640 

■  ;,650 

ujnen 

•  1660 


;  t  ter.  Oy 
I  _h_t  .-aces-0 
Clear_c 
■■  1^  _  a  V  *  3 
1-  Xn  in“6 
I-"  Dn"-' 


Tnax  .  fh  1  n  .  Xn  :n .  Xnax  ,  Dm .  ,Nun_t  races ) 


E:'l  !1ii.n_aiv«  I  u 


pacer  ana  too  pens  are  in  the  plotter  at  t" 


>res5  ■■  :CHR5<  129)  ;  "CCNTIMUE"  :  CHRSl  1  2;  • 
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M67C'  15__  CIear_crt 

M6S0  -  =  INT  "  Please  "  :  CHRS  ( !  30  >  ;  "  jai  f  ;  CHRS 1  23 )  ;  "  jiiile 

ne  gr  ic  .5  p lot  tec  .  " 

11690  -RINTER  IS  705 
■1700  ES-CHRS<3> 

M710  -PINT  ■•:N:SPI;IP  !500 . 2000 .  SSOO  .  7500  ; 

•  1 720  5RINT  "SCO. 801  .0.100:" 

M  730  =RINT  "'^U  0.0  PD  .801  .0 .30 1  . 1  00 . 0 . 1 00 . 0 . 0  PU;" 

117A0  PRINT  "SI  .2..3:TL  3.0;" 

11750  -OR  X’O  TO  801  STEP  801 /Niun_ciiv 

1 1760  =RINT  "Pft".X."0.XT:" 

11770  NEXT  X 

•  1  780  -=INT  "’L  1 .5.0" 

11790  “OR  X  =  0  TO  301  STEP  801 /<Nura_a  i v I  0 ) 

1 1800  =RINT  "P8".X."0.XT" 

'1810  NEXT  X 

11820  =RINT  "i-L  0.3;" 

'1330  -“OR  X-0  TO  301  STEP  80 1 /NujTi_ai v 
11840  °RINT  "PP".X."100.XT;" 

11350  NEXT  X 

118G0  =RINT  "TL  0.1.5" 

11870  -OR  X-0  TO  301  STEP  8Q1/<Nuj»  aivIO) 

11880  PRINT  "fi>R".X."100.XT" 

I  1890  NEXT  X 

11900  r'QR  X-0  TO  1  STEP  1/Nub  div 

11910  P-801-X 

11920  =RINT  "P8".P."0" 

11930  V-Xmin»<  Xmaj!-Xmin)*X 

11 940  7-PROUNO<V.-2) 

11950  PRINT  "CP  -1 .5.-1 !LB";V:ES 

11960  NEXT  X 

11970  IE  Dra-I  THEN  PRINT  "PQ" . 80 ’ 72 . "0 ;CP  -8. -2.5:  L3FREQUENCY  (GHi>";ES 
11980  ”  Dm--1  then  print  "PR" . 801 72 . "P : CR  -5. -2. 5:  LBTIME  (n«)":E; 

11990  PRINT  "SCO.  1 ".  Tim  n.Ynax  3.0" 

12000  Pange-Tnax-Yni  r. 

12010  PuR  Y-Ymin-IO  TQ  Ynax-!0  STEP  10 

12020  PRINT  "PfiO".Y."YT" 

12030  NEXT  Y 

12040  PRINT  "TL  1 .5.0" 

12050  I-  Range>^9  THEN  Li t t le_t icx -2 . 5 
12060  IP  RangeXSl  THEN  Li t t ie_t ick -2 
12070  I-  Range'31  THEN  Li  1 1  le_t  :c)t  •  I 

12080  r 'S\  Y-YiT.li.  ..irtle_tict  TC  Ynax-Li  ttle_t  ick  STEP  Little  t  icx 
12090  “°INT  "Rfl  0".Y."YT" 

12100  LEX*  Y 
’2110  — :nT  0.3" 

'2120  -I-  r,-,  ‘E- 

'2130  -RINT  "PR  1".Y."YT" 

■2140 

|2150  "“L  0.',5" 

'-1G0  ■  '  - ’’-I '  n-'.  1  :  t  :e_- icK  T  .■  Yciax i  t  :  I  e_t  icic  STEP  Little  ticx 

*2170  *”  V  “ 

■2130  T  ' 

-2igr.  - 

12200  . '-'-i.n  "0  tr.sx  tiTiiR  11 

’2210  '“IN-  C'".": 

’2220  'Tjr.-r' 

*2230  •  -1.^.-  wmCi"..  4;t,  ,  f 

12240  R  i.-i' - "-En  0-'-'  ;e?-6 

'2250  *-1-,-'  .!  n'Ny nun *■  -  r.t3  “‘"EL  I'-set-E 

'2260  -"NTi  T-*EN  OfPsei-4 
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'2270  Ynur.>~T  AND  Ynum<0  THEN  Gftset“3 

:  2280  IF  Ytluii-O  then  Offset’O 

12290  IF  Yniun>0  AND  Ymim<l  THEN  Offser“2 

12300  IF  Ynun>.99  AND  Ynuiii<10  THEN  Offsec-S 

12310  IF  Ynum>9.99  AND  YnuuXlOO  THEN  Dff^et-A 

12320  1“  Ynuiii>99.99  THEN  0ffset*5 

12330  -SINT  ••C?",(-2.5)-0ffset."-.25:LB";Ynun:2; 

'2340  hEXT  Y 

12341  IF  Dm- I  THEN 

12342  PRINT  "PAO" . Ymin-Rarqe/2 : "DIO . I : CP  -5.5" 

12343  PRINT  "LBRCS  (dasm)":ES 

12344  ELSE 

•2350  =RINT  "PAO".Y.-iin+Ranae/3:"OIO  .  I  :CP  -5.5" 

123S0  ORINT  "LSIMP'JLSE  RESPONSE  (oBsm>";E£ 

123G1  END  IF 
12370  '=FINT  "Dll  .0" 

12380  '^SINT  "P'J;PAO".YTiin.";SI  .  1 5  .  .225  :  CP-5  . -5  ;  " 

12390  PRINT  "LBFiie  Name  Sanauiatn  ^olarity  Soft  gate  Gate  Cen: 
er" : E3 

12400  ^RINT  "LB  Sate  Hiath  Date";ES 

12410  “PINT  "SPO’’ 

•2420  PRINTER  IS  CRT 
12430  SUBEND 
12440  ' 

12450  ! 

12460  SUB  D raij_aata^ P lo t^d t < - ) .  Ymaj ,  Ymin ,Fi  le  namei .BandmQtns.Poiari  tv  .Pre  gate 
S  .Gate_cent  .Gate_span  .Dates. Niuii_t races  .i.in_t VP ) 

12470  !  Written  oy  Dana  j.  Bergey.  May  1989 
12480  PRINTER  IS  705 

12490  POINT  "SCO.SOf.Ymin.Ymaa 

12500  PRINT  ■•SP2;" 

12510  IF  P!ot_dt<  1  XYmin  THEN  P lot_dt<  1  ) - Ymin 

12520  IF  P lot_o t <  1 ) >Ymax  THEN  Plot  at(1)-Ymajc 

12530  -SINT  ■•P'J0".Plot  dt<I): 

12540  PRINT  ••LT2":Lin_typ:":" 

12550  IF  Lin  typ-0  THEN  PRINT  ’•'l.T:^^ 

12560  FOR  I-i  TO  801 

12570  IF  Plot_dt(I><Ymin  THEN  Plot_dt<I)-Ymin 

12580  IF  P 1 o t_d t ( I ) > Ymax  THEN  P lot_d t < I > - Ymax 

12590  =RINT  ••=D’’.l.?lot  dt<I) 

12600  NEXT  I 

'2610  ‘liira_t races-Num  traces^l 

12620  PRINT  "O'J:PA0"7Yr.in.";SI  .  1 5  .  .225  :  CP-'^  ■ 

12630  £S-CHRS(3) 

12640  IF  Polar ity-0  THEN 

12550  =’olS-"'-'ERIZCNTAL" 

12660  E_3E 

•2670  =:lS-"'/ERTICRL" 

12680  END  IF 

12690  - ER  I-O  T2  Mum  traces 

12700  '"PINY 

12710  .EXT  I 

'2720  -JTNT  ■•Lr":‘Y  r-- 

•2730  ;rINT 

'2740  Y-INT  "LE"  ;  Bar.au  .ot‘.i  ;  Ei 

12750  -iNY 

■2760  y  =  "L£":.-.r;s:£S 

'2770  -p-fjY  "''r- ■ 

12730  YpTNj  "LB-'-iPrel-iateSrEi 

■2790  .r  Gate _•! 3an-"  G'.Yj 

12800  PRINT  ■■■■IP  ;'.IPc'H.  : 
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"2810  'RINT  "LB" ; Gate_cen t ; £S 

^2820  =BINT  "CPiCPS?.! 

12830  =RINT  "LB":Gate_span;£S 

•2840  No_aate:  ^BINT  "G?:CP78.IL' 

■2850  "LB";Date5:ES 

■2380  Bottom:PRINT  ■■$!  .2  .  .  3  :PiJC"  .  Yp  in .  "SP  :  " 

"2870  ^RINipB  ^3 

12880  SUBEND 
12890  ! 

'2900  ' 

'2910  SUB  Clr_=cr 
12920  OUTPUT  KBDf  ‘'■■■. 

■2930  SUEEND 
12940  ! 

■2950  ' 

'2960  SUB  Pat_proc3iot 

12970  1  'written  Dv  Dana  j.  Bergey,  Kay  1989 

•2980  OPTION  BASE  1 

12990  DIM  Ptrace_aata(36Q)  .Viei>i<365) 

13000  Input  :CflLL  Pat_input<Ptrace_aata<  • )  .Fr  .DateS  .  F  i  le_name2S  .Pol  .Pre_gates) 
13010  UiewiCfiLL  Vieu_crt<Ptrace  aata>  *  '  i  le_najiie2S  .Retrn  .  Coorc> 

13020  IF  Retrn-2  THEN  SUBEXIT 

13030  IF  Retrn'l  THEN  GOTO  Input 

13040  Pnenu:0N  KEY  0  GOTO  Idle 

13050  ON  KEY  1  LABEL  ■‘LINE  TYPE"  GOTO  Lin_typ 

13060  ON  KEY  2  GOTO  Idle 

13070  ON  KEY  3  GOTO  Idle 

13080  ON  KEY  4  GOTO  Idle 

13090  ON  KEY  5  LABEL  "PLOT  GRID"  GOTO  Pgria 

13100  ON  KEY  6  GOTO  Idle 

•3110  ON  KEY  7  LABEL  "=L0T  DATA"  GOTO  Pdata 

■3120  ON  KEY  8  GOTO  Idle 

•3130  ON  KEY  9  LABEl  ■■EXIT"  GOTO  Pexit 

13140  Idle.-DISP  ■■ENTER  APPROPRIATE  SOFT  KEY" 

■  3150  GOTO  Icle 

13160  Lin_typ;CALL  Clr  3cr 
13170  ON  KEY  0  LABEL  "S"  GOTO  Zero 

13180  ON  KEY  1  LABEL  GOTO  One 

13190  ON  KEY  2  .“BEL  "2"  GOTO  Tuo 

13200  ON  KEY  3  uABEL  "3"  GOTO  Three 

13210  ON  KEY  4  LABEL  "4"  GOTO  Four 

13220  ON  KEY  5  -ABEL  "5"  GOTO  Five 

13230  ON  KEY  A  LABEL  "5"  GOTO  Six 

13240  ON  KEY  '  GOTO  Liale 

13250  ON  KE"  S  GOTO  iic.e 

■3260  ON  KEY  p  = 

■3270  Licie;!!':'  "',E_EC*  _I.'.E  T^nt" 

13280  GOTO  L;cl- 
•3290  Zero;L;'_-vt-v 

■  3300  GL TO  r"'enij. 


33 1  0 

One:L:r_Fy:-- 

3320 

333C 

3340 

‘j'J  1  U 

PPS  P 

T~i r ee  :  - :  ■  ,  r 

3360 

iiCTO  Pner.  1 

3370 

'car:L:'  T’.-c- 

3330 

GOTG 

339L 

^  I  V'*r  :  e  '  "  •  r  ' 

3400 

v0*0  -”0  ,U 

3410 

S  i  If : . 
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:3120  c-c::  .■',..ena 

13430  ?-ric3:  CALL  C:r_scr 

13440  CALL  Pscaie_cn<  Ymax  .  fniin .^'t^ace_aata<  •  )  ) 

13450  CAi.L  Clr_scr 

I34G0  I.-  Coora'O  'HEN  CALL  Pdrau_o  1  <  Ymajc .  Yni  n .  NLLTi_t  races ) 

13470  IE  CoorQ”!  'HEN  CALL  Poidrau _p i ( Ymax . Im in . Num_: races ) 

13480  GGTQ  Pmena 

13490  Paata:  CALL  Clr_scr 

13500  IF  Coord'O  THEN  CALL  Pdrau_aata(Pt race_data< • > . Ymax . Ymin .F i le_name2$ ,Fr . Po 
1  .Pre_gateS .Dates  .Num_t  races.nn_typ) 

13510  If  Coora-I  THEN  CALL  Po  ldrau_data(P  t  race_data(  • )  ,  Ymajt ,  Ym  in  .  F  i  le_name2$  .  F  r  . 
Pol  .P re_gate$  .  DateS . Niijn_t  races  . n  n_ty p  > 

13520  GOTO  Pmenu 

13530  Pexit;  CALL  Clr_scr 

13540  GRAPHICS  OFF 

13550  GOTO  View 

13560  SUBEND 

13570  ' 

13580  1 

13590  SUB  Pat_inpat <Pt race_aata(*  > .Fr.DateS.F i le_nane2$ .Pol .?re_gateS ) 

13600  !  Hritten  by  Dana  J.  Bergey,  Hay  1989 
13610  OPTION  BASE  1 
13620  DIM  Vieu<3G5) 

13630  CALL  Clr_scr 

13640  Start:PRINT 
13650  PRINT  "" 

13660  PRINT  ■'  Insfc.  ;  disc  containing  data  file  into  right  hand  oislt  a 

r ive . " 

13670  PRINT 

13680  PRINT"  Press  '^CHRSdSl  >  :"C0NTINUE";CHRS(123)  ; 

"  uhen  ready." 

13690  =AUSE 

13700  ON  ERROR  GOTO  ErrZ 
'3710  CALL  Clr_scr 

'3720  Input  "Do  you  mish  to  see  listing  of  oisk  <Y  or  N)7  Default  is  NO.",w.. 
stS 

•2730  IF  Llist$‘"Y*'  THEN 
•3740  CAT 

13750  ON  KBD  GOTO  Again 

'3760  3ISP  CHRS<  1 3 1  )  :  ••Press  space  oar  wnen  reaay  . '• ;  CHRSt  1  28  > 

‘2770  lioopiGOTO  LIoop 
•3780  E..SE 
•3790  GOTO  Aoain 

■3800  END  IF 
•3810  AaainiCALL  Clr_scr 
•  1320  IP"  *^50 

-330  I--  Er.RQ.F 

'  -S40  Nape  :  INPUT  '•Enter  the  fi.e  narae  of  the  stereo  f  ;  ie  .  "  .  F  i  le_nape2S 
■3350  ■'  EPRDR  GD'D  E--' 

■3860  iCTO  Inbouno 
■?870  E:r':°RINh  EFRHS 
-350  .-I'j  Nape 

I-ph  T  — 7,0  IT;  :e_-,a.ne2S 


3936  - :  .-ace_aata<  1 1  ■'/ ieu<  I 

I'Sej  '.E'.'  I 

33M1  '--';eu<36!) 

.  9t.v;  ec  <  i-t  L  > 

3970  .  :  1 1  e2S'L  <Ci <  F 1  ie_nane23 ) 


134 


i:i98f:  iSo^GN  (Srifo  Tn  nto  f'.p'? 

1 399J  iN  I'ER  ?Dte_t  i  !e2 . 1  :  Dates 

14000  lNTER  9Dte_t 1 ie2 .2 :Pre_gateS 

14010  ASSIGN  ‘?Dte_file2  TO  - 

14020  SJ3EXIT 

14030  Err2:C.4LL  C;r_sc.- 

’4040  DISP  ERRMS 

14050  3EEP 

14050  OFF  ERROR 

14070  GOTO  Start 

14080  SUBEND 

14090  ' 

•4100  1 

4M0  SUB  Pscal  e_cn  (  Yma*  .  f  m  I  n .  P  t  race_oata<  *  )  > 

’4120  !  written  oy  Dana  J.  Bergey,  May  1989 

14130  graphics  off 

’4140  ''Tin-Ptrace_aatat  I  )  ?  INITIALIZE 

'4150  T nax*  Yn  ;  n 

1 4160  -OR  J=1  TQ  350 

'^T70  if  Ptrace_aata(J)<Ymin  THEN  Ym in*p t race_aatat J ) 

IF  Ptrace_aata<  J)  >Yinajt  THEN  Ymax*Ptrace  catatj) 
I4I90  NEXT  J 

14200  CALL  Clr.scr 

14210  =RINT  '■ 

•  *' 

’■*220  ^Pf^INT  '•  .  SCALING  CHOICES 

'4230  PRINT  •• 

•  ** 

14240  PRINT  "  . . . 


14250 
'4260 
14270 
14280 
'4290 
erates 
•4300 
14310 
scale . 
14320 
14330 
•4340 
■4350 
'4360 
'  4370 
■-:-3G 

■  4390 
•41IGC 

■  441  ,1 
■4420 
14430  : 

•  -it''' 


PRINT 
=RINT 
P4INT 
44INT 
-:iNT 
scaie .  '■ 
PRINT 
PRINT 


! he  maxinum  vaiae  of  tne  current  aata  is 
The  fninimajn  value  o*  the  current  cata  is 

■■:CHR5<  129)  I'^AUTO  SCALE"  ;CHRS<  1 23 )  ; '• _ 

■•:CHRS<)29)  : "USER": CHRS(  128)  :" . 


5  LABEL  "  AUTO  SCALE"  GOTO  Auto 
7  L.ABEL  ”  USER"  GOTO  User 

3  GOTO  Idle 
0  GOTO  Idle 

1  5919  Icie 

2  GOTO  Icie 

3  GOTO  Idle 

4  GOTO  Idle 

5  GOTO  Idle 

6  GOTO  Idle 

•’  "Enter  acprooriate  soft  key/’ 


d  1  e  a  r  c  r  t 


■4470  -PINT 


USER  DEFINED  SCALE 


''nax  :  '  1  cBsm  )  ■  " 
Yn  :  n  :  "  i  c5sr. )  .  ' 

.  .  .Computer  cs'- 
. .User  aef ines 


aii90  -PINT 
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:a500  -a:n' 

1  '43  1  U  -r!  :N  , 

!  A520  INPUT  "C'ter  tie  maximiun  vaiue  of  PCS  scale  oes  i  rea  .  "  .  Tiajc 

'4530  INPUT  "liter  tie  mininLL'if  value  Of  PCS  scale  aes  i  rec  .  "  . '^.i  i  n 

*0540  T anoe" tnax ~ '1 1 n 

14550  IF  RanQe>L/  'HEN  GOTO  Gooa_rge 

14560  SEEP 

14570  IE  Range"  J  'HEN  PRIi-iT  "  You  have  entered  tie  same  value  to 

r  Ymin  and  i.iai . 

14580  IE  Rangem  ''  “^N  PRINT  "  Your  Ynin  is  greater  than  1 


our  Yna*  .  " 

14590  --INT 

'-4600  --iNT  "  Try  again!" 

'4610  G'lTG  litC; 

'4620  Good  r3e:CALL  CIear_crt 
14630  IP-  KE-' 

•4G40  CU3EXI' 

14650  PutoiCfiLL  C.ear_crt 
14660  t-iax"  fraax"  1 ') 

14670  Ynaj<"RR0UND<  Ynaji ,  i  1 
14680  Yti  in- Ym  1  n- i ') 

14690  Ynin-PROUNDlYnin. 1  ) 

I  4 700  cr"  •'EY 
14710  SU8END 
14720  1 
14730  ; 

14740  S'UB  Pdrau_D  i  ( ''nax  .  Ym  in  .Nun^t  races) 

14750  1  Written  oy  Dana  a.  Sergey.  May  1989 
14760  Nun_traces"'j 
14770  CALL  Clr.scr 
•4780  PRINT  "" 

14790  PRINT  — 

’4800  PRINT  "" 

'4810  PRINT  "  Ensure  that  paoer  ana  tuo  oens  are  in  tne  plotter  at  th; 

s  tine.  " 

'4820  POINT  "" 

14830  .PRINT']  Press  ";CHRS(129>;"CQNTINUE"',CHRS(128> 

:  "  when  ready . " 

'  4840  -■  P'JSE 

14850  I-cL  Cir  sc: 

'4860  PAPHICS  I'l 
•4870  PPINTEP  IC  '05 
•4880  E?-CnR$(3) 

•4890  PPI'JT  "I'liSPliIP  1500.2000.9500.7500;" 

'4900  PPINT  "SCC', 360. 0.100;" 

•ao,n  -t  1  ;  in  ISO  .0.360.  100.0. 100.0.0 

1  492c  pp  INT  ”31  . ,c ; 'l  1 . 0;" 

'4930  -'IP  Y.111  'T  3:5  STrp  1,5 
■  4hu:j  P  -  iflP  "P  R"  .  >  . '  0  .  X  7  ; " 

'4550  ,E<'  ,< 

'4367  -PI’.  1 .  j" 

eg?, 'I  r;t  ..4  “T  '.55  S'Trp  5 
■433.  PPI'.'  '"'x  ."0  .XT" 

r  npr^  ;  t  Ti  T  ~ 

•50i,0  ste?  45 

■502c  PPIN'  "P;.".X."100.XT;" 

'  '  iV'  'E  7Y  . 

'  i;;Ei',  ;  ;  -f. " 

5050  PIi  .=5  'I  155  STEP  5 
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150S0 

!5Q7Q 

•SOdO 

■5090 

•5100 

•5110 

'5120 
15130 
I5I40 
15150 
'51G0 
'5170 
'5180 
•5190 
•5200 
'5210 
'5220 
15230 
'5240 
15250 
'5260 
15270 
15280 
'5290 
15300 
15310 
15320 
15330 
1  yj'-o 
'5350 
'5380 
15370 
'5380 
'5330 
•5400 
'5410 
'5420 
'5430 
•5440 
•5450 
•5460 

•  5470 
•5480 

•  5490 
'5500 
■  5  5  ’  J 

•'1530 


'  i  0 


-RINT  .X."',00.xr" 

Nt.XT  X 

-G3  X-0  TO  360  STEP  a5 
3RINT  ••"^••.X/^O" 

X<10  7HEN  »PIMT  ••''P  -1  .5.-' :L5^‘:X;£5 
IF  X>9  AND  X<'0C  THEN  PRINT  "C-  -3  .  -  1  :  :  X  ;  ES 

IF  X>99  THEN  PRINT  ••.:?  -2 . 5  .  - 1  ;£3^' :  X  :  ES 
NEXT  X 

=  RINT  '•PA  1S0.0;CP  -’1.-2. 5:  LSASPECT  ANGLE  < DEGREES >": E3 
PRINT  ■■SC0.360",Ynjn.ymax:"TL  3.0" 

Tange*  Tnax -  Ytn  1  n 

T'R  Y*v„ir,-'0  TO  Ynax-io  STEP  10 
-RINT  ••Dao".Y.’‘''T" 

NEXT  Y 

TRINT  "'L  1  .5.0' 

1“  Ranqe.»a9  THEN  La  t  :  le_t  icx  *2 . 5 
IT  Range'.SI  THEN  L  i  tt  le_t  icx -2 
IT  Range<.31  THEN  L 1 1 1  ie_t  icx  •  1 

T'ER  Y*  Ynt  1  n+L  1 1 1  le  ticx  TO  Ymax-ui;tle  ticx  STEP  Little  ticx 
PRINT  "PA  0".Y."YT" 

‘lEXT  Y 

PRINT  0.3'' 

T'R  Y-T^jn-'IO  TO  Ynax'lO  STEP  10 
PRINT  "PA  360  ".Y.-YT" 

•'EXT  Y 

fPINT  "TL  0.1.5" 

-PR  Y* Ynin-tLi 1 1 le_t icX  TO  Ymax-Little  ticit  STEP  Little  ticx 
PRINT  "PA  360“.Y."YT’' 

•lEXT  Y 

P-Il'T  "TL  3.0" 
p'R  Y*Ynin  fC  Ynax  STEP  10 
PRINT  "PA  0".Y: 

Yniin'Y 

Y num'PROUND  (  Ynur> .  -  3  ' 

IF  Ynujii<-99 . 99  T'HEN  QffsefS 
IP  Ynum>-’00  AND  Ynuin<;-9.99  THEN  Offset-S 
.r  Ynujn>-10  AND  Ynufl»X-.99  THEN  OTfset*4 
IF  Ynujn>-1  AND  YnujnXO  THEN  0ffset*3 
IF  Ynuiii'O  THEN  0ff=et”0 
.t  YnajTi/O  AND  YniajnXi  THEN  0ffset*2 
IF  Ynun>.99  AND  YnumXIO  THEN  Offset-3 
IP  Ymun>9.99  AND  YnunXlOO  THEN  Offset-4 
IP  Yn.ji!i>99.99  THEN  Offset-5 
PRINT  "'3?"  .  (  -  2 . 5 )  -  Of '  se  t .  "  -  .25  :LB”  ;  Ynum ;  tS 
■lEXT  t 

i'ii'I  ”TAO"^''.-.;-.-Pa-.cie/2;"DIO.  1  :CP  -5.5" 

;;p^TAO". ;i  ^:5. .::5:CP5.-5;" 

"2-5  '•a'--.:.  r  reaiiency  Polariiation  gate 


-  "'c  rau  _catai  P  t  race  cata<  •  )  .  T.-.ax  .  Yn  1  n  .  F  1  1  e_name2S  .  F  r  .  Po  1  .  P  re_gateS  .  Date  i 
:  I  '  IZi"' -T' -•  Zercey.  .'Yay  1989 
’•;  J  ■  360  ”-1 1  n  .  Ynax 
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15650  "SPO;" 

15660  -PTNT  "“'JO"  trace_aata(  I  )  : 

15670  -S’NT  '•LT2,":L'n_typ 

15680  Lin_tYP-0  THEN  PRINT  "LT;" 

15690  -'OR  1  =  1  TP  360 

15700  Ptrace_catat  I  XYrain  THEN  P  t  race_oata(  I  >  ■  In  i  n 

15710  IF  Pt race_aata< I ) > Yma*  THEN  P t race_aaLa< I > • Tpaj 
15720  ^RINT  "PD" . I .?trace_aataC I ) 

15730  NEXT  I 

15740  Nuffl_t  races*Num_t  races^  I 

15750  PRINT  "=U:PP0".Ynin." ;SI  . 1 5 . .225 ;CP5 . -5 : " 

'5760  ES-CHRS<3) 

15770  IF  Pol-1  THEN 

15780  ^-1S-"VERTICAL" 

■5790  ELSE 

’5800  =olS-"HORIZONT6L" 

15810  END  IF 

15820  'OR  1*0  IQ  NLun_traces 

15830  =RINT  "C?0.-i  ; 

15840  NEXT  I 

15S5Q  =RINT  "LS":File_najne2S;ES 
15860  PRINT  "CP;CP20.1 

15870  PRINT  "L3":Fr:"GH:";E$ 

15880  =RINT  "C°;CP38.1 

15890  PRINT  "L3":PolS;E$ 

15900  PRINT  "CP:CP59.1 

15910  PRINT  "L3";Pre  gateS:ES 

15920  PRINT  "CP •.CP69.1 

15930  PRINT  "LB":0ate$:E$ 

15940  Bottom: PRINT  "SI  .2 . .3 :PU0" . Ymin. "SP  ; " 

15950  PRINTER  IS  CRT 

15960  SUBEND 
15970  1 
15980  ' 

15990  SUB  V  i9'j_c  r  t  ( V  ieu<  •  >  .  F ;  le_name2S ,  Re  t  rn  .  Cooro) 

16000  1  Written  oy  Dana  j.  Bergey .  May  1989 
16010  Start:  CALL  CIr  scr 


16020  GINIT 

i6030  "OTTER  IS  3, "INTERNAL" 

15040  -in-Vieulll 

16050  may-Ymin 

16061  OR  1-1  TO  359 

"6070  IF  UieulIXYrain  i^-^EN  Yrain-Vieat  I) 

16080  IF  VieutI)>Ymax  TH-N  Ymay-U ieu< I > 

■5090  NEXT  I 

'-100  ''nax-Ynar-IO 

'-,110  '■-•ax-PPCiLiND<  Yoax  .  ;  ) 

'5120  'n I n- In  1 n- ’ 9 

■pl"0  ' r 1 n- WRQUND < Yn 1 n , I  ) 

'6140  Pange- Ymax-Yrun 

■3150  IPPPHICS  ON 

16160  “'..UE  0.95 

■‘1170  '."IZE  I 

■'IE'  --rEL  -i-*r_nane2S 

■bl'3'1  '.II2E  6 

'6210  -CP  I --.2  '3  .3  SitP  .1 

16221  “'av’E  TO'I.IOC 

;52:0  OBSERVABLES" 

■5250  i 
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tZro  j 

■jESD  -  J.Dl?  ;  3 

tIEo  :■ 

-:3n  £.<■': 

£33G  ^^3£L^"--£?ECT  -^iGl£- 

£340  vIEWFGR'  : 5  . 35 . 30 . 3 '■ 

3350  -FAME 

o360  tlNDGU  0 . 3b0  . /.T I  n  .  f.-Tiax 

3370  -iXES  £.-.0.Yn)in.9.5.: 

-)380  ,'3IZE  3 

o330  _ RG 

3-100  :f- 

3410  -ZR  I-O  -Q  360  SrE.=='  *1' 

3420  ■'Q'/'E  I  ,  3->i  n-  i 

■>430  _ ABEL  I 

3440  -lEXT  : 

3450  '.ORG  3 

3460  -GR  I 'Gun  TO  Yraax  STZ?  lO 
3470  1QVE 

3480  .ABEL  : 

6490  next  r 

3500  -OR  i-o  ra  359 

5510  ^LQT  I.Vieui<I*I> 

3520  NEXT  I 

3530  ON  KEY  4  label  "DUMP  'Zi  PRNTR"  GOTO  Ddano 

6540  ON  KEY  0  LABEL  "PLOT  RECT."  GOTO  Plotr 

6550  ON  KEY  1  GOTO  Idle 

6560  ON  KEY  2  LABEL  "PLOT  POLAR”  GOTO  Plotc 
6570  ON  KEY  3  GOTO  Idle 

6580  ON  KEY  5  LABEL  "NEW  DATA"  GOTO  New  aata 
6590  ON  KEY  6  GOTO  Idle 

6600  ON  KEY  7  LABEL  "SHIFT  DATA"  GOTO  Shift 
3610  ON  KEY  3  GOTO  Idle 
6620  ON  KEY  9  LABEL  "EXIT"  GOTO  Exit 
3630  IdleiOISP  "PRESS  APPROPRIATE  SOFT  KEY" 

6640  GOTO  Idle 

6650  DdumpiPRINTER  IS  701 

6660  OUTPUT  KBD:"  N": 

G670  POINTER  IS  CRT 
6680  GOTO  Idle 
5690  Shift:  CALL  Clr_scr 
6700  DIM  Vieu2t361) 

5710  INPUT  "Ho'j  many  degrees  should  the  data  be  shifted  '>  <-  for  shift  left) 

. Osh  if: 

5720  IN  ERROR  GOTO  16710 

6730  IF  0shift<-350  OR  0shift>3G0  THEN  GOTO  16710 
5740  :F  Dshift>0  THEM 
5750  Osh  1 f t "SSO-Osh 1 f t 

5760  -LSE 

5770  Dshi f t*- I •Oshif t 

6780  Eno  if 

6790  f,4r  I.,  TO  360-Dshift 

6800  U  ieM2< I)*Vieu< I  +  Dshif t) 

6810  next  I 

6820  FOR  I2"1  TO  Dshift 

6830  V  ie«2<  360-Dshif  t  +  I2)”View< 12) 

6840  NEXT  12 

6850  FCR  13-1  TO  360 
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•6860 

16870 

13 

16880 

„'GT3  Start 

16890 

=lDtr:CRLL  Glr_scr 

16900 

-  e  t  r  r  -  'j 

'5910 

1 1 0  r  c  •  'j 

16920 

SJBEXI' 

16930 

Piotp;  lALL  Clr_scr 

16940 

P  e  t  r  n  - ' j 

16950 

C  0  0  r  a  -  1 

16960 

S'jaEXIT 

15970 

Neu_aata:  GRAPHICS  OFF 

16980 

P.  e  t  r  r  =  ■ 

•6990 

lALL  i;,-_scr 

1  7000 

SLiBEXI" 

•7010 

Exit:  iRflPHICS  GFF 

•  7020 

Pe  t  r n ” i 

'  7030 

TPLL  CIr  scr 

1  7040 

S'JBEND 

•7050 

f 

17060 

1 

I  7070 

SEE  _pl' Ymax.  rtiiin.Num_ 

traces ) 

1  7080 

!  r-ritten  Dy  Dana  j.  Bergey . 

Nay  1389 

I  7090 

•iiin_t  races-0 

17100 

CALL  CIr  scr 

17110 

PRINT  "•• 

17120 

PRINT  "•• 

17130 

PRINT  "" 

1  7140 

PRINT  "  Ensure  mat 

paper  ana  two  pens  are  in  the  oiotter  at  m 

s  time." 

17150 

PRINT  "•• 

'7160 

PRINT  " 

Press  "  :CHR$( 129) :"CCn;:nu£" : IHRSt 12? 

; "  when  ready . " 

17170 

Pp'JSE 

17180 

CPcL  C!r  scr 

17190 

PRINTER  IS  705 

'7200 

£S-CHRS<3) 

:7210  ='?rNT  ■•:N;SPI:IP  1000.900.9000.8900" 

17220  PRINT  "SC"  .  Ymin .  I'ma.K  .  Ym  j  n .  Ymajt 

'7230  Cn t r* Ynax - ' Ynax- Ymin) /2 

17240  Nujnc  1  rc*  <  Ymax- Ym  in)  / 1  0 

17250  -'adraax  ■  1  Ynax- Ymin) /2 

1  72G0  PQR  I*'  TO  Numcirc 

'7270  PGR  T>0  TO  2-PI  STEP  PI/50 

17280  X-Cntr-<  COS  <  T ) -Raamax/Numc i rc- 1 *• . 81 

'7290  '’■Cntr-SINCT)  -Radmax/Nunc  i  rc- 1 

'7300  -PINT  u'SING  1  731 0  : "PR"  . X  .  Y  .  "=0  : " 

17310  IXRGE  ;.R,2(MDD.DDDD)  .3R 

•7320  NEV'  - 

'7330  =R:nT  "P'J" 

•7340  '-EXT  : 

1  7350  -PINT  "P'J:LT2.  I" 

17360  -“p  '"p  TO  2-PI-PI/''3  STEP  =1/18 

'  7370  I r  t  X -On t  r-Raamax-COS<  T) - . 8 1 
'  738C  :r  ty-Cntr-Kaanax-SIN(  T ) 

17390  TPINT  "P'J;Pfi".Strtx,SLrty 
1  7400  Enax-Cn tr-Raar.ax/Nuiiicirc-COS(  T) *  .  81 
'7413  ;i-.av-Cntr-fiaainax/Niuiicirc-SIN<  T> 

•7420  PP^NT  "PD:PR".Endx.£r,ay 

•7430  '.P'T  T 

17440  PPINT  "LTiDH .0" 
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!7450  - 1 5  I 'Cn  t  r -Sadmajt/ 1 2 

17460  ■'‘“.INT  *'P!j  :  PA'* .  ?os  1  ,  Cn  t  r 

I  7470  -PINT  "L9";rmin:tS 

17480  PRINT  "LBdBsm";ES 

17490  Pos2*Ynaj(-Radmajr/6 

1  7500  “PINT  "=U;PA"  .PosB.Cr.tr 

17510  PRINT  "L3"  ;  Ymajt  ;£5 

17520  PRINT  "LBdBsm.  0  degrees":ES 

17530  B90x”Cntr-<  Ttnajt-fniin)/20 

1  7540  DBOydntr+Radmajr 

17550  '  PRINT  "°U:PA".D30».D90y 

17560  1  PRINT  "LB90  deqrees":£S 

17570  9 1  80x  “Cn  t  r  "Radmix*"? /6 

17530  D180y“Cntr 

17590  =RINT  "°U;PA",D180x.D180y 

17600  ^RINT  '"l_3180  degrees"  :E5 

17610  Rrdsx-Cntr-Radnax».8 

17620  Arasy*Cntr-Raaoaj(»  .8 

17630  °RINT  "P'J;PA".Wrasx.Wrdsy.";SI  .  1 5  .  .225  :  CPO  . -5  :  " 

17640  PRINT  "L3Fi le  Name  Frequency  Polarization 

Date" : £S 

17650  PRINT  "SPO" 

17660  PRINTER  IS  CRT 
17670  SUBEND 
17680  1 
17690  1 

17700  SUB  Poldrau_data(Ptrace_data(*) . Tmax , Tmin ,F 1 le_name$ . Fr .?o 
S  ,Nu*_ traces  .i.in_typ  > 

17710  !  Written  oy  Dana  J.  Bergey,  May  1989 
17720  PRINTER  IS  705 

17730  PRINT  "IP  1000, 900. 9000. 8900:SC". Ymin. Ymax. Ymin, fmax 
17740  =RINT  "SP2:" 

17750  Nu/nc irc*<  Ymax- Ymin)/ 1  0 

17760  Radmax-< Ymax-Ymin)/2 

17770  £x t ra‘Radmax/Numci rc 

17780  Cnt r” Ymax- < Ymax- Ymin) /2 

17790  1<D*Cntr».  5»<P  trace_datat  1  )-Yrain)*.81 

17800  PRINT  "PU".Xp,Cntr 

17810  =RINT  "LT2":Lin_typ:":" 

17820  IF  Lin_typ-0  THEN  PRINT  "LT;" 

V830  -GR  I- 1  TO  360 

17840  Theta-I/180«3. 14152 

17850  X*  <P t  race_data< I ) -Ymin) "COSY  Theta) •.81 

■  7860  XD-Cntr-‘X/2 

■  7870  <  Ptrace_aata<  I)-Yrain)»SIN<Theta) 

'  7880  ''c'"Cntr*Y/2 

•  7830  =RINT  "PD".Xp.Yd 

■7900  NEXT  I 

‘7910  'tur  .t  races"Num_traces‘*’ 1 

17920  XD*‘.ntr-.5-(  P  t  race_aata<  1  )-Ymin)-.31 

;"930  -=INT  "PD",Xp.Cntr 

'7940  Hrdsx-Cn t r-KadPax* . 8 

'^959  r dsy "Cn t r-Padmax*  . 8 

/  960  -- INT  "“U ;PA" .Hrasx  .Hrosy  .  "  :  2 1  . 1 5 . . 225  :  CPO  . -4  :  " 

■7970  Ei-CHRS(O) 

■  ■’SEO  ?oi"1  THEN 

17990  -oiS'-HORIZCNTAL" 

13000  E.SE 

'3010  =olS-"VER; ICAL" 

■3020  END  IF 

'8030  r  _R  I-O  TO  Nujn_iraces 


Soft  gate 


1 ,Pre_gate5.Date 
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18040 

°RIN1 

■  "CPO.-I 

18050 

NEXT  I 

18060 

PRINT  ■ 

L3'':Fiie  naj!ie$:ES 

18070 

=RINT  ■ 

CP;CP1G.  1 

13080 

=R!NT  ■ 

G9?”;£$ 

18090 

PRINT  • 

CP:CP33.1 

I8T00 

PRINT  ■ 

L3";PolS;E$ 

18110 

PRINT  ' 

CP:CP52.1 

18120 

PRINT  ■ 

L8":Pre_gateS:ES 

18130 

PRINT  • 

CP:CP54,1 

18140 

PRINT  • 

LB"; Dates :ES 

18150 

Qut"Cnt 

r-Radmax 

18160 

PRINT  ■' 

PU":Cntr.Qat.":SPO 

18170 

PRINTER 

!  IS  CRT 

18180 

SUBEND 

18190 

1 
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The  purpose  of  this  stucJy  was  twafold.  The  first  objecive  was 
to  ccriplete  the  develpment  of  AFIT's  Far-Field  Radar  Range  with  a 
fully  autonated  measurement  process.  The  second  objective  was  to  use 
the  facility  to  investigate  the  scattering  of  metallic  versus  transparent 
aircraft  canopies  relative  to  the  scattering  of  the  total  aircraft. 

The  approach  for  the  investigation  was:  first,  to  msasuL'e  scale  model 
aircraft  to  determine  the  effect  of  the  RCS  of  the  canopy /coc]^ it  area 
on  the  RCS  of  the  total  aircraft,  and  second,  to  design  and  measure  a 
test  beefy  which  would  isolate  the  canopy /cockpit  area  from  the  rest  of 
the  aircraft - 

Tne  result  of  the  work  on  the  first  task  is  a  software  package 
called  ^IT  RCS  ^asurement  ^ftware  (ARMS).  The  successful  performance 
of  the  far-fTeld  range  was  validated  by  very  favorable  caiparisons  with 
the  Wright  Research  and  Development  Center's  anechoic  chamber.  The 
scale  model  measurertents  suggest  at  most  a  5  dB  difference  between  the 
scattering  fron  the  two  extreme  cases.  The  test  boefy,  hov\^ver,  clearly 
demonstrated  differences  op  to  20  dB  at  certain  frequencies. 

This  study  documents  the  ipper  and  lover  bounds  of  the  subject 
measurements  in  an  indoor  measurement  range.  The  Air  Force  has  ejpressed 
interest  in  steering  the  investigation  to  examine  materials  and/or 
canopy  construction. 
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